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FOREWORD

This investigation was sponsored by the Office of the Chief of Engineers (OCE),
Washington, D.C. as part of RDT&E Program 6.47.17.D, Project 4A664717D895
“Military Construction Systems Development,”” Task (4 “Miltary Airfield Facili-
ties,” Work Unit 003 “Effect of Gear Pattern of Airfield Pavement Performance,”
with Mr. A. Muller as Technical Monitor.

The investigation was conducted by the U.S. Army Construction Enginecring
Rescarch Laboratory (CERL). Champaign, lllinois. CERL personnel actively
engaged in the investigation were J. L. Rice and J. J. Healy who assisted in prepara-
tion of the report. Appendix A was prepared for CERL by J. J. Panak under Contract
No. DACA 23-70-C( 176.

Dr. L. R. Shaffer is Director of CERL.
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THE EFFECTS OF GEAR PATTERN ON
SYSTEMS PERFORMANCE

1 INTRODUCTION

Problem. A major problem in airfield pavement
evaluation and design is assessing the damage which
will be caused by new landing gear loads and com-
plex geometries In addition. a need exists to deter
mine the design life and life remaining 1n an existing
airficld pavement This problem is cosupounded due
to the effects of mixed traffic and the lack of a
sttable rationale for handling mixed traffic

Background. The two new jumbo jet aircraft now
in aperation. the (-SA and the Boeing 747. inay
require a new trend in development of future arrcraft
pavement. Sufficient ground flotation or load distri-
bution in the landing gear design was required for
the C-3A so that the aircraft could operate from a
medium load pavement as defined in TM 5.824-3.1
Fhe Federal Aviation Administration (FAA). prior
to the introduction of the 747, placed a requirement
on aircraft designers which limited the pavement
flexural stress to that which was developed by the
stretched version of the DC-8 aircrafi. If this trend 1
contmued 0 the future, pavement requirements for
new aircraft may level off at some bounding limit. If
these requirements do approach a bounding limit,
the pavement engineer will no longer have the luxury
of designing for the heaviest aircraft and sgnoring
the lighter traffic because many aircraft types wiil
have nrarly the same pavement requirements As
wrer~f continue to grow in size and weight, an
ceonomic breaking point is certain to be reached
where it will be more economical to upgrade the
pavements than to provide more flotation on the arr
craft In order 10 provide the necessary flotation, ar
craft designers will probably introduce radically dif
ferent geometries and varymmg wheel loads all of
which will require a more precise method of analysis

Scope and Objective. The objective of this study 1
to dentify a technique which wili permnt OCF to
provide an improved method for specifying the rela
tive cffects of traffic loads on rigid pavements to
reflect vanations 1n gear patterns, with particular
emphasis on multiwheel sircraft including the C 5A

‘Rignd Pavemente for Asrflelds Other than Army TM
5 824.3 (1970)

znd 747 awrcraft. The scope of this study 1s hmited to
provide the necessary methodology 10 satisfy that
objective

Previous Attempts to Soive. Other invesugators?
have approached this problem in different ways
Attempts have been based on an equivalence in
stress developed 10 the pavement  The relative
severity of two landing gear svstems s judged by
companng the critical fiexural stresses generated 1n
the pavement slab  Fatigue effects are accounted for
through the use of Miner’s hypothesis which assumes
that damage s relatve and hnearly proportional to
the ratio of actual traffic to traffic at farlure for cach
wheel load configuration  The new multiwheel land-
mg gear systems, in additton to developing entical
stress. also dwstort pavements over large areas at
stresses below the cnitical stress  Previous methods
have ignored the subcritical stresses and owe some
limited success because the subceritical stresses were
substantially smaller than the cntical

Theoretical Considerations. Pavement response
to static loading can be predicted with reasonable
accuracy using the Westergaard algonthm Using
the same assumptions. Westergaard, Stelser and
Hudson? have developed a finite element representa-
tion of 4 loaded pa: ement slab which aliows a more
flexible modeling of boundary conditions Such a
fimite clement analysis has been adapted 10 the use of
complex gear patterns as a part of this study
{Appendix A} 1t 1s possible to construct influence
hnes for a posnt on the pavement which can be used
to approximate the siress stramn, and or deflection
history tor the point produced by a load at other
points on the pavement The stress history at a poim
im a rigud pavement which results from the move
ment ol a multiple wheel landing gear system s
hikely o contain a number of str_.s excursions of
varying magnitude

Varions tnvestigators have had success in desenb-
ing fatigue faslure by performing a weighted summa
tion of the excursions of stress, stram, or deflection
which a specimen enrcounters  The excursions have
to be weighted as (o severity for obvious reasons For

‘A Method for Estimoting the Life of fugrd Pavements
ORDIL. Tachnwsi Report Mo 4 23 11962)

F Stelzer and W R Hudson A [irect Computer
Selution for Plates and Pavement Slabs Rensarch Report
58 ¢ (Center for Highway Research Univorsity of Texsa
1847}




exampie a specimen may be capable of sustaining a
sram ctoe coof MO aecroanches peran only 10
nme hut 1 can sustan X000 excusions of S0 micro

P it astran ovdde relationship expresszd as
200 micro inches per inch x 10 cycles 2000 stram
cveles were to be used, as a basis of performarnice, the
pavement could sustain X) micro inches per inch ot
o0 0 40 cycles instead of the JO0O cycles
measured Obviously a weighting technique must be
apphied to the magnitude of the excurston This 15
avcomplished by assuming that damage 15 propor-
ssonal to some function of the number of operations
I ot the purpose of this study a log function has been
wiected 1t should be emphasized however that thas
relationship requires further study as additional data
become available

2 BASIS OF ANALYSIS

A number of factors must be considered in an
anahysis of complex loading history. Generally
speaking only two response parameters are available
from existing anelytical procedures used in the
evaluation of pavements deflection and bending
moment The single most important factor to be
vonsidered for pavements loaded near the center of
the slab 1 gear configuration, 1 ¢., single wheel, twin
tandem, or multi-wheeled landing gears.

I'he two pavement response parameters, deflec-
non and bending moment. provide a basis for deter
mintng the amount or degree of distortion ntro-
duced 1n a pavement by a particular gear loading
From an analysis viewpoint, bending moment is of
more value than deflection because & pavement can
conceivably be subjected 10 large deflection with a
small bending moment and vice versa Bending
moment can be converted into stresses and stram
sssuming  lincarly elastic component  behavior
Current design procedures are based on flexural
stress conssderations which are directly obtained
from bending moment utshzing elastic plate bending
‘heory

Performance deta for pavements subjected to
varous gear configuration loadings are rather d«f
cult to obtain Several controlled traffic tests have
teen perlormied by the Corps of Fngineers w past
sears  { hese tesis are of the test track type where air
crabe Josding s simulsted by a losding apparatus
tatficking 4 renes of st slabs tn which several

paramcters are vanied such as slab thickness. sub
grade strength, etc These tests have been conducted
at low speed and typixally the loading apparatus »
capable of stmulating one main gear of the asrcraft
Performance of the test items s assessed in accord
ance with current Corps of Engineers performance
criteria. Three degrees of failure have been estab-
lished by the Corps of Enguieers as follows

V Imtial Failure—That point when a crack
develops 1n a2 pavement and extends through the
entire thickness of the pavement as a result of traffic
loading The crack must be due to an extcrnally
applicd loading and not to shrinkage or other non
traffic effects

2 Shartered Slab—That point where trafiic
induced cracking has st bdivided the pavement siab
into six visible pieces As with the imnhal faslure
critenion,  the cracks must be duec to cxternalis
apphed inading and must extend through the tull
depth of the pavement -lab

3 Complete Failure—That po:nt where the pave
ment slab has been cracked into about 35 pieces,
cach pizce having an arca of 15 to 20 square feet At
this point, the pavement wouid be considered non
operational due {0 excessive roughness and the like
lihnod of debris formation

Due to the inherent assumptions associated with
the available pavement analysis procedures, priman
emphasis has been placed on the imtial fatdure con
dinon The shattered slab and complete falure von
ditions represent sttuations too unwieldy for » jalytu
cal modeling at this time

Actual n-service pavements are subjected a
mixture of traffic. A Force bases which are deds
cated to bomber wings wili expenence not only
bombper traffic but also support type traffic such as
tankers. carge aircraft, etc Some data are avarlable
on traffic operations at selected Air Force bases
these data shoeld be analyzed to determine prob
< ole traffic miaturces for selected Arr Foroe bases

3 WHEEL LOADING PATTERNS

The ootpnnt produced by a complea landing
gear can be examined by aithey deflection contours
ot srare contours e detail < the contour pattarn




will depend on the pavement thickness, subgrade
modulus, the clastic properties of the concrete pave-
ment slab, wheel loads and spacing. in addition to
the slab geometry in relation to the wheel loads.

It 1s possible therefore to define the cyche strain
or deflection history on a pavement by using the
footprint as an influence diagram in which the whee!
loading paths relative to a point tn the pavement are
traced on the contour.

The basts for this techmque s outhned as follows
A plot of either pavement deflection or strain re-
sponse in the form of contours can be used to predict
pavement responsc due to traffic loading. Since the
concrete and foundation materials are assumed to
behave clastuically. superposition can be used to
determine response histories for cach of the traffic
lanes The contour plot moves along the pavement
coincident with the wheel gear system. Therefore,
the deflection or strain history at a point in the pave-
ment can be constructed from the contour plot
simply by traving the location of the point in the
pavement on the contour as the wheel gear passes
over.

An example of the use of such an approach
follows: Figure 1 is a contour plot of deflection for a
single wheel loading on a Lockbourne test slab. It
represents the aeflection histuey of a test pavernent
subjected to a 37,000 pound wheel loading resulting
from traffic by an A-3 Tournapull with a Model NU
scraper. The traffic lines are designated on the con-
tour plot and represent the path followed by each of
the loading wheels. These plots were used to develop
response histories. The deflection history of the
pavement at the transverse joint shown on Figure 1
produced by single wheels traversing each of the
traffic lines would then be coniputed as follows:

Lane ] Front Whee! - .023in.

near Wheel - .033in.
Lane 2 Front Wheel - .007 in.
Rear Wheel - .013in.

Initial failure occurred after %0 operations. The
area of the histogram representing the deflection
history is

033In 90 +.0231n90+.007 in 90 +.0131n 90 =, 342
The procedure describad in the sbove example

was applied to other test pavements subjected to
single, twin tandem, and 12-wheel assembly losding.

Pértinent physical properties from test items traf-
ficked in the Lockbourne and Multiple Wheel Heavy
Gear Load (MWHGL) tests were used in a fine
clement computer program for pavement analysis
developed by Austin Research Engineers. Inc. This
program computes both deflection and principle
stress or moment ai cach nodal  nt (Appendix A)
Thus. a single run of the progran, rovides a rather
complete picture of the response of an entire pave-
ment slab Weighted histogram areas were caleu-
lated for the imtial crack failure condition. The sum-
mation of the weighted arca histogram is indicative
of the distortion of the slab under load. Histograms
were produced for single, twin tandem, and 12-wheel
landing gear arrays with 30,000 1o wheel loads. The
average values for the weighted areas were 318 for
single wheel, .52b for twin tandem and 1.43 for
12-wheel assemblies  Using the single wheel loading
as a datum. this would indicate that twin tandem
assemblics distort the slab | 66 times as much as
single wheel. These values are indicative of the strain
relief and reversals occurring between loading
wheels.

4 PAVEMENT LOADING HISTOGRAMS

Previous test track data were analyzed 1n view of
the strain-deflection history approach. The current
Corps cf Engincers design method is based on
critical flexural stresses generated at a jointed edge.
An attempt to produce strain-deflection histories
was based on cenditions which exist at a jomnted
edge. This tnitial attempt was performed using data
collected from the Lockbourne® snd MWHGL? test
tracks.

The analysis of data from these tests presented
prodlems due to jointed edge behevior. For design
purposes. a jointed edge is assumed to transfer 25
percent of the load acress the joint over the design
life.® The 25 percent load transfer factor was estab-
lished based on performance data from many experi-
mental and in-service pavements. While the loed
transfer value is probably valid as an average, some

‘Lockbourne No | Test Track, Final Report (U S Anny
Ohwo River Division Laboratories, 1946)

Multiple Wheel Heavy (Gear Load Favement Tests,
WES-TR-571-17. Vol §.1V (Waterways ¥ xpenment Statien,
1971)

‘R 1. Hutchinson, Baus for Rigid Pavement Design for
Muitary Asrfields, Miscellaneous Paper No 5.7 (Waterweys
Experiment Station, 1966}
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variations unGoubtedly occur during the course of
the design life. These variations have a rather
decided impact or a strain or deflection history
analysis.

MWHGL Test Track Data. Thec data collected
trom test tracks were analyzed using the strain
history approach. Because detailed strain history
data for rigid pavement performance are available
from the MWHGL test reports, extensive use was
made of this data. Figure 2 shows a layout of the
MWHGL test track and locations of instrumenta-
*"n. Traffic was applied to the test track pavement
ip five lines as shown in Figure 3 in order to simulate
the wander of typical operational C-5A aircraft. A

2-e ()
“""ql ~ e 2
@ I 2NSSCL
‘e ‘. 2. 2N35CT
® S 2NSSWIT
L_:—* 4 2NSSEYT
Tol
TRANSITION
TE R ITEM 3
[+ w" ) S INSHCL
AR ¢ INsSCT
N T INSIWIT
l @ 8 INSSEJT
Te %

Figure 22, instrumentation iayouts for the twin tandem
assembly, rigid pavement test section.
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Figure 3, Traffic patterns for the C 65A wheel assembly,
vigid pavement test section.
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similar series of traffic tests was applied to the test
items to simulate 747 traffic. The teaffic lines for
these loadings are shown in Figure 4.

The response data for each test slab were collated
in strain history format. In order to utilize this data,
a procedure for weighting the strain excursions was
necessary. Several weighting functions were exam-
ined during the initial phases of the study. The
method chosen to weight the magnitude of strain
excursions which are measured from maxima to
minima was based on Saint Venent's maximum
strain theory of failure. The maximum strain theory
assumes that failure occurs simuitaneously as the
elastic limit of the material is reached. This failure
theory is primarily applicabie to materials which fail
by brittle fracture such as concrete. The maximum
strain for conventional paving quality concrete is on
the order of 200 micro inches per inch. Thus, strair
excussions were divided by 200 micro inches per inch
to provide a ratio of the magnitude of each excursion
to the maximum strain which can be tolerated by the
concrete. A somewhat similar technique was
employed to weight the magnitude of the deflection
excursions. Seme limited data were collected to
determine an approximate value of elastic deflection
normally associated with initial failure of rigid air-
field pavements over a normal design life. The value
selected as typical was 0.05 inches. It should be
noted that the selection of a base deflection or datum
value can be rather arbitrary as the value is merely
used to establish a relative weighting index. All
excursions are expressed as a ratio of the datum
deflection.

The relative merits of using a strain or deflection
history were examined. More meaningful results
were obtained using the strain history approach as
compared to deflection because of the large number
of factors affecting deflection. This would appear
reasonable as pavement design and anmalysis pro-
cedures are predicted on stress rather than deflec-
tion. Another consideration which tends to favor the
strain history approach is the fact that equa! deflec-
tions can be vastly different ir. damaging effects due
to difference in radius of curvature. Deflections are
less sensitive to interaction between wheels and
gears.

Measurement of strain in the MWHGL pavement
tests was sccomplished at the .enter and edges of
Test Items 1, 2 and 3 in the longitudinal and trans-

13

verse directions for the total test program. An
example of a typical strain history for lane 2 is shown
in Figure 5. Histograms were prepared showing the
number of strain excursions per pattern versus the
magnitude of the excursion. The interval for the
histogram is S micro inches per inch. Histograms for
strain measured in test items I to 3 are shown in
Figures 6 through 8. Each strain excursion was
weighted by dividing by 200 micro inches per inch
and the number of occurrences of this weighted
strain was considered by multiplying the quotient by
the nstural logarithmic of the number of occur-
rences. This calculation was performed for each
interval of the histogram and summed. Table 1
shows the value of each of the weighted histograms
for the C-5A test program. It should be noted that
these weighted histogram areas must be evaluated in
light of the performance of the MWHGL test items.
Item 1 had a crack prior to the application of traffic.
Test item 3 experienced a first crack prematurely
duz to a subgrade pumping failure. Test item 2
performed in a normal manner and can be used as a
basis for normalization of the data.

Table 1

Weighted Areas for the 12-Wheel MWHGL
Traffic Histograms - Hyp

Teat 1tom At Firet For Total
No. Gage No. Crack Traflfle
1 1SNJL 1.90 22.88

1SCL 5.0 39.59
18CT 1.63 32.13
2 28WCT 50.23 55.76
28SJL 69.84 747
28CL 55.18 61.24
28CT 14.27 16.52
3 ISWJT 21.56 4.9
38CL 4.65 10.33
38CT 13.96 2.8

The use of jointed edge histories was later
abandoned due to difficulties in correlation brought
on by mathematicaily modeling the jointed edge.
The assignment of a value for load transfer at a
juinted edge is at best a tenuous estimate. Joint effi-
ciency changes with time and increased traffic
volume and has a large impact on strain and deflec-
tion history computations. For design purposes a
load transfer value of 25 petcent is assumed for the
entire design life of a pavement. The 25 percent

g g e ot




LONGITUDINAL CONSTRUCTION JOINT

o 010
< ;{

138" O ! LINE %2
-
" - O | Ouus ‘s|
010
ies” O O *
010
00

0

FREE EDGE

Figere 4, Traifl: patterns for twin-tandem wheel assembly, rigid pavement toet section.

14

.
e oo it e s e B
e N <

.

TP S

NS




3 91 jo Pumsp ¢ ¢ a8v3 Surssed 81 Jvad jo
[1994m aprsing ‘18d 008 = YIBuAIIS [RIMXI 9000 tad g7 = X supow apealqns iUl [Z] = A
-3P1Y) Judwaaed 12 aut| SgJes) UO Jual tuorRanp PuIPNRBwoS taSe S urens VRLINS 17 WA 1833 JOS2
a¥u8 :00)N ‘seed au0 20} aoad urIs SULMOYS AL} [PAYM-Z] JIPUN 3083 Urens [eadL ], S sy g

(o] 4
cr
o2
62

22
0
7}

69 —fe- . SG - 69 ™

S

wrwr Niveis




- 8
I’ L1l :

[ -]
s 3,0 Iuvm
bl
L =¥ = = —F =¥ L.M.O
[ g
4 [ Js
3 =,

Mo

<

o  — > bW AR P

pn/m

Pigwre §. Histograms for sirsin excursions under 13-whee! traffie, item 1, rigid pavement tesi section.




-~

&«%
3 ﬂc«cw )

PR o ddm—— =) o owe 2T e T

o m——

*UOIIIS 1591 JUAWAATd PUBLL ‘T WA ‘ARSI PSUM-Z] JIPUN SUNSIND:P WINIE J0f smvaBorsty 2 amilyg

w/ o
06 O 006 Oz 00z Osi 06 GOox Of

:.ﬂ_ﬁ. T ...ﬁ...:_.::_:__== _o_o_.~ 1._._ _
Il |

% ©0 o0 08 ©
|

f._,_ﬁ____: T ,_____

§

g e —— o

ArHS 2 39V wrssz 0w NG 2 30VD e 3w VET Iovd

~

B tra s ALY, | TN

[ESRRANEN P e PN P el By
wmnrm.& T s e e S B R ST S




-

3900 v i 3 v v L L4 v
a2 L;w
?sﬁ ] F GASE 338uL OASE 3 SWJT
3000
4500
4000
3800
3000 i
“
2900 4
2000 -
1900 %
1000
200
, LI,
° 90 0 0 [
pw/n

Figure §. Histograms for strein excursions under 13-whee! trallic, item 3, rigid pavement test section.

18




oy

S csim e AR SA I 0 T B

S AR o P b SR T

.

T R Tl P73 8 AR M 31

PRI LS
v

WARCY e
ARG

o ot i PR
g

assumption has been demonstrated to be reasonable
for design purposes through test track experiments
and inspections of in-setvice pavements. The strain
history approach is much too semsitive to the losd
transfer value to use an average value for the lif: of
the pavement. Emphasis was shifted from the use of
a jointed edge loading to an interior lnading condi-
tion. The use of an interior loadiag condition elimi-
natcs a n:.aber of boundary conditions which are
difficult to represent mathematically.

Tive twin tandem 747 traffic which was applied to
the test items provides a mechanism for evaluating
the interior slab loading technique in as much as thi:
traffic was applied at the center of the slabs as showa
in Figure 4. Histograms for the strain excursions in
Test Item 2 produced by this traffic are shown in
Figure 9. Table 2 shows the weighted areas for these
histograms for test items 2 and 3. The areas were
adjusted to the initial failure condition and 1S traffic
patterns for test items 2 and 3, respectively.

Toble 2
Woightod Avens for Twin-Tondem MWHGL
Trallic Histograme

Toot ltem AtPiet  PorTotal
Ne. Gage Ne. Crack Traffle
) 2NSCL 5.78 9.4
SNSCL 7.41°* (98.73)

Gage Failure

*Reconstructed from histogram of traffic up to gage
failure.

$ MIXED TRAFFIC

Chapter 3 discussed a procedure for generating
losd histories from gear pattern contours for
particular aircraft coafigurations and pavement
designs. Chapter 4 presented a hypothesis which
establishes a total waighted ares traffic histogram,
Hr, which is & unique characteristic of the fatigue
life of each pavemiont system.

In order to exsiming the relative severity of mixed
teaffic loading for which test track is not available, 2
series of caleulations can be mads using the program
described in Appendix A to calculate weighted histo-
gram aress. The wander pattern for traffic on & taxi-
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way is as shown in Figure 10. Traffic distribution
which is typically contained in the central 40 inches
of the taxiway wander pattern accounts for 75
percent of all traffic.”

The technique for generating histograms is based
on the calculated stress distribution. The weighted
area histogram (Hg) is obtained as follows:

M Ao
Hs =%, lg%'"*il (Eq1]

where Aoj = sum of stress excursions in lanc

E¢ = Young's modulus for the concrete pave-
ment

& =maximum strain at failure

Aj = proportional area of the wander pattern
inlanej

M = the number of lanes in the distribution
pattern.

Hg represents the area of the weighted histogram for
asingle pass. For multiple passes represented by the
wander distribution Aj the traffic histogram H)y is
obtained from:

Hy=2 [—E—:%ln AjNp] (Eq2)

If we wish to compare complex traffic patterns, we
must solve equation 2 for Np.

'e&qHM-I(AOjlnAj)

Np i (Eq3)

Equation 3 can be used to estimate the impact of a
complex mix of traffic simply by summing the indi-
vidual distribution patterns as follows:
Ec g Hr - XX (Aoyj In A Np

i) [Eq4)

Np.e

where Ht = the design weighted histogram area for
the life of the pavement
o) = the stress excursion for aircraft i in
lane j
Nj =ratioof i type sircraft operations to tota!
sircraft operations occurring on a
periodic basis.

"Robert F. Baker, Report of Phatogremmaetric Methods
for Monsuring Latoral Placement of Aircrafs, Lockbourss
AFS (Ohio State University, 1948).
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Figure 10. Wander pattern for runway loading.

Toble 3
Weighted Stcain Histogram Arees Hyg for 1,000 Passcs

Goar Conligurstion Telal Area
25,000 # Single Whee! 3.52
B.52 57.49
C-141 27.98
B-47 24.78
KC13s 31.27

Table 3 shows accumulated stress excursion levels
for the 25,000 Ib single wheel load, the B-S2, B-47,
KC-135 and C-141 ain 2aft systems. The pavement is
a 12-inch thick slab with a radius of relative stiffness
of 50 in. Weighted histograms were then developed
by summing the individual stress excursions along
traffic lanes spaced for cach 12-inch segment of the

wander pattern which represents the appropriate
traffic density.

Tabie 4 is & report of aircraft traffic compiled by
base operations of a typical heavy load Air Force
base selected at random. Data of this type have been
compiied for some 24 heavy load Air Force bases
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over a four-year time period. On the average, the
typical heavy load Air Force base experienced 100
cycles of B-52 traffic per month and 95 cycles of KC
135 traffic. A considerable amount of variation
occurred in the traffic operations, howeves, as the
standard deviation for B-52 (raffic was 64 and for
KC 135 the standard deviation was 51.

Some of the variation is protably due to differ-
ences in the numbers of aircraft stationed at a base.
In some instances different numbers of squadrons,
groups or wings are stationed at different Air Force
bases. Variations in numbers of aircraft are reflected
in the above standard deviations.

The distribution of aircraft teaffic on taxiway and
runways has been studied to & limited extent® and
has been shown to be approximately normally dis-
tributed. These studies indicated that 7S percent of
aircraft traffic is concentrated with a wander of 7.5
feet on primary taxiways and 37.5 feet on runways at

*Robert F. Baker, Report of Photogrammetric Methods
for Measuring Latsral Placemant of Aircreft, Lockbourne
AFB (Ohio State University, 19568).
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about the runway midpoint. The Corps of Engineers
design method for pavements is based on 75 percent
of the traffic occurring within the limits of the traffic
area width. The data generated above from past
operational records would indicate that over a
20-year design life at an average heavy load base,
24,000 cycles of B-52 and 22,800 cycles of KC 135
traffic will be encountered. Applying the 75 percent
adjustment for traffic design yields—18,000 cycles of
B-52 and 17,100 cycles of KC 135 traffic. Using the
existing Corps of Engineers method for describing
traffic, the above traffic volumes would be converted
to 9000 coverages of B-52 traffic for taxiways and
4500 coverages for runways. These figures agree well
with 10,000 coverages and 5000 coverage: used for
dasign. In the present design method for hieavy load
pavements the KC 135 traffic would be igricred. This
is in contrast to the relative strain history areas
shown in Table 3 which indicate that the KC 135
traffic is 54 percent as severe as the B-52 traffic.
Thus, the total traffic would be computed as 9000 +
17.1/18 x .54 x 9000 = 13,617 coverages for the taxi-
ways and implies that the traffic volume used in the
design of taxiways and runways is ‘snderstated by 36
percent.

6 ANALYSIS AND CISCUSSION

Severs! problems arose during the course of this
study which tend to limit the degree of validation
which is possible. No data are available on the
behavior of pavements under mixed traffic loadings
under ideal test conditions. Data from various tost
tracks with similar properties and performance
records were compared. A prime consideration in
studying the effects of whee! interaction is the radius
of relative stiffness which controls wheel interaction.
Thus past test track data had to be analyzed on
approximately the same basis to achieve meaningful
comparisons. This requirement limited the data
available for comparative anaiysis.

Computer snalysis of pavement respon-e is essen-
tial when using the strain history approsch. No con-
venient manual method could be drvised which
would yield meaningful resuits. The output required
to produce a significant strain history Is too detailed
for manual computation except for single whee!
ioadings. Wheei interactiosis on multi-vheeled gears
are {oo complex to produce without the aid of a
digital computer,

It has been necessary to make a number of
implicit assumptions relative to the hypothesis
advanced in this study which defines a weighted area
histcgram as a unique characteristic cf each
pavement systems. These assumptions are listed
below:

1. A lower threshold for fatigue failure produced
by strain excursions in a pavement does not limit the
level at which a significant portion of the strain
excursions are accumulated during the pavement
life.

2. The relative severity of strain excursions is a
function of the log of the number of loading cycles.

3. The weighted histogram area, Hy, at which
fatigue failure occurs is a function of the strain
excursion history only and is unique for each pave-
ment system design.

The strain history technique yields reasonable
results and can provide a basis for designing airfield
pavements for a given level of mixed traffic. The
method provides a much more realistic assessment of
traffic on rigid pavements than the coverage concept
as wheel interaction is taken into consideration. The
coverage concept merely - siders surface geometry;
interactive effects are feft to judyment and
experience.

7 CONCLUSIONS AND RECOMMENDATIONS

Conclusions. Based on the results of the study
reported herein, several conclusions can be drawn
concerning the strain history method of assessing
field traffic loadings.

The strain history approach appears to be a
viable technique to assess multi-wheeled aircraft
traffic effects on pavements.

The strain history approach should be based on
interior loading conditions due to the difficulties
encountered in modeling jointed edge boundary con-
ditions. If sufficient assumptions are made concern-
ing the jointed edge boundary conditions to permit a
comparative anaiysis fromn the same reference, the
analysis may as well be performed using interior
loading conditions. The analysis is intended to




demonstrate relative effects rather than absolute
vajues.

The deflection histoty approach was abandoned
carly in the study as the deflection approach was not
sensitive enough to wheel interaction to provide
meaningful data.

The strain history approach is a reasonable tech-
nique for analyzing the effects of mixed traffic on
airfield pavement performance. The weighting func.
tions applied to strains and repetitions will permit
mixed traffic to be assessed fre.n 2 common basis.
Insufficient data is available to verify the nature of
the Fatigue-Cyclic Excursions (F-N) Curve for con-
crete pavements. The assumption that the relation-
ship is a log function needs to be verified. An
assumption that fatigue strain is linearly propor-
tional to the ratio of the strain excursion experienced
to that at failure is undoubtedly an oversimplifica-
tion. The relationship is probably influenced by the
strain level beyond that purely linearly position of

%

the stress-strain diagram with a minor influence up
to that point.

Recommendations.

1. The Corps of Engineers rigid pavement design
criteria should be based on histograms of strain dis-
tribution rather than coverage concept for describing
traffic volume,

2. Lateral positioning of aircraft on taxiways and
runways during normal operations should be investi-
gated. Previous studies are rather old and should be
updated to reflect changes in aircraft and opera-
tional characteristics which may affect aircraft
placement during normal operations.

3. The nature of the weighting factor to be
applied to strain excursiont should be verified by
cither model tests or traffic data.

4. A program for the coliection and analysis of
field data for correlation should be undertaken
particularly for new pavements.




APPENDIX A: SLAB 30E-—-A COMPUTER
PROGRAM FOR AIRFIELD SLAB ANALYSIS

This appendix presents the documentation of a
computer program developed by Austin Research
Engineers Inc. for the U.S. Army Construction
Engineering Rescarch Laboratory (CEKRL), Cham-
paign, 1linois. The work was cornducted under Con
tract No DACA 23-70-C-0076 by Mr. John J.
Panak. Mr. Frank L. Endres was the programmer
who made the revisiens to the original program and
performed the checkout work on the CERL input
facility.

The FORTRAN Program. Program SLAB JOE s
an extenswve u-date and revision of a program called
SLAB 30 which 1s reported by Stelzer and Hudson.?
1t has features which allow it to work more efficiently
than SLAB 30, and in addition, includes three
significant new developments which are:

1. Addition of a printer plot routinc to allow a
visual display of selected lines of output values of
deflection, bending moments and principal stresses.

2. Addition of a feature which will allow a
particular wheel load pattern, such as that associ-
ated with the C-3A, to be simply input to the com-
puter model by refereace to a single input coordi-
nate,

3. Addition of a data input generation routine
which will allow much simpler definition of the pave-
nent slab in terms with which the investigator is
accustomed.

‘The program 1s written to operate on any Control
Data Corporation Model 200 remote user terminal
which can accers a CDC 6600 computer. All pro-
gramming is in ASA FORTRAN and therclore is
compatible with other computers such as IBM 360
and UNIVAC 1108 systems.

Storage Requiremaents. The storage requirements
are variable, depending upon the size of the problem
to be run. Cards which must be changed for different
sized problems are specified at the beginning of the

*C F Stelzer and W. R Hudson, A Direct Camputer
Solutwon for Piates and Pavemeni Slabs, Research Report
$6.9 (Center for Highway Ressarch, University of Texas,
196T)
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program and only include the dimension statements
and two variables which define the number of incre
ments i both disections 11 s not necessary to mat.h
exactly the dimensioned storage to the probiem, any
size larger 15 also aceeptable [t s recommenided that
several dimension packages be made of those cards
with RE-DIMEN in columns 73 through 80 of the
main driving program (refer to program listing).
These packages can be of multiples of width and
length of 10 or 20 stations up to the maximum
acceptable for the particular computer being used. A
plot of the COC 6600 storage requireme=" (s shown
in Figure Al. If necessary to gain more storage
space, certain variables could be placed 1n common.
In addition, others may be set equal to each other in
storage by an equivalence declaration. Common and
equivalence statements have not been added in the
program for normal operation, to avoid mitial con
fusion when converting to other computer systems.
All subroutines in the program are variably dimen-
sioned as functions « the short (X) and long (Y)
lengths, which are specified in the main driving
program.

input of Problems. The procedures that are
followed in input of probiems are outlined in the
Guide for Data [nput. A parallel study of the guide
will help to understand the following discussion. Any
number of problems may be run at the same time.

The first two cards of a problem serwes are for
identification purposes. Any alphanumeric descrip
tive information desired can be entzred It 1s sug
gested that the date of the run and the user’s name
always be entered within these two cards. The next
card is the problem number card wih a brief
description of the particular problem  The problem
number itselt may contain aiphabetieal characters sf
desired. The problem series tevrainates when a blank
problem rumber is enccuntered

Tables of Data Inpat. Table 81 15 used o mpat 1o
problem control data and 15 comprned o0 4 aple
data card that speviiies the multiple fvad “ption and
the nymber of caras 1 the fellowing data Tables 87
through B7. The Multiple Load Option o ¢ lumn ©
of Table Bl is left blank feoch suvavess g proiem s
independent of the preceding prolven, i 2 htlowing
problem is tor the same b ous waly the kad
pattern and placement are to change the nrst prob
lem in the loading series 1y ¢ oifizd wab 2 +1 for thie
option This will be the " carem™ problem  bach
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successive loading must have a - 1 for the option and
these will be termed *“offspring” problems. When a
blank option or another +1 is encountered, that
problem is then another independent problem or a
new parent problem.

The optional siffness input switches in columns
S5, 60. and 65 may be used to automatically com-
pute conventional slab or plate stiffness values by
entering a one for the options selected. Appropriate
values must then be made available in Table B2. If
DX or DY or C are to be computed, then there must
be real values available for E and t in Table B2. If a
uniform value of S is to be computed, then a sub-
grade modulus k must be available. The stiffness
options must be left blank for offsgring problems.

Two Output Options may be specified in columns
75 and 80. All of the detailed output of Table B8
may be omitted if desired. The user is cautioned
when using this option that he could omit what
might later be desirable information. Deletion of
output reduces central computer time only a small
amount. It may, however, dectease turn-around
time due to reductions in peripheral processor time
and printer time. If the output is suppressed, a
single refere~ce station is printed which is at or near
the center of the slab. The other output option is
exercised if the user desires the printout of principal
stresses in place of principal moments. If the stress
option is exercised, an appropriate value of slab
thickness must then be available in Table B2. The
principal moment is converted to a stress having the
same sign by multiplication of the moment by the
plate section modulus which is internatly computed
on the assumption of a uniform thickness of plate.
The use of the stress option is only appropriate for
plates of a constant thickness. At specified discon-
tinuities in the slab, such as a crack or joint which
might be modeled by means of a reduced bending
stiffness, the output value of *‘stress’’ at that location
may be misicading. A better estimate of stress at dis-
continuities, may be obtainc * by inspecting the vari.
ation in computed stress at several stations adjacent
to the crack while incrementally moving the con.
centrated loads away from the crack.

Tabie B2 is used to specify the constants for the
problem. These are the number of increments in the
X and Y directions, the increment lengths in both
directions, and Poisson's ratio, For efficient solution
of the program, the number of Y increments must be
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equal to or greater than the number of X increments.
‘Table B2 is omitted for offspring probiems since the
constants must be the same as in the parent prob-
lem. The constants specified for the parent are
retained and used by all successive offspring
problems.

Data for optional stiffness constants are also
input in Table B2. The Modulus of Elasticity E and
the siab thickness t must be specified if DX, DY, or C
are to be internally computed by the options in Table
Bi. A uniform subgrade modulus k must be
specified if S is to be computed. All of these three
constants may be input if desired and thus printed
for reference without the options exercised in Table
B1. The options cause the computation of the equiv-
alent data which could be input in Table B4 based
on these customary plate stiffness relationships:

Et
x:‘ [ R
DY = DY = 15573

Et?

Cnﬁ(l-fv)

[Eq Al]
S =khyhy

The computed stifti:esses are constant over the X
by Y area of the slab and appropriate quaster and
half-values are generated at corners and edges. They
are printed as an extension to Table B4, and thus
any additional stiffness values entered in Table B4
are superimposed algebraically. By the addition of
appropriate reduced lines of stiffness in Table B4,
any degree of discontinuity may be modzled. Multi-
valued subgrade moduli, or foundations with voids
nay also be modcled by entering the appropriate
additive spring stiffnesses in Table B4.

Table B3 is used to define the lines or areas of
selected output for deflection, bending moments in
the X and Y directions, and either the maximum
principal moment or stress depending on the print
option in Table Bl. The number of cards are as
specified in Table Bl and may include up to a maxi-
musn of 10 cards. Each card may encompass up to a
m=ximum of 300 points. That is, coordinates from
10, 10 through 20, 40 or from 0, O through 12, 25
could be specified. If a larger arca is required,
another card covering the adjacent area could be
added.




The major advantage of Table B3 is that a crude
nrinter plot display is also obtained for each area
specified. This feature will be discussed more com-
pletely under the heading Computed Results. Table
B3 is especially useful when studying the deflection
and moment variations along a line or over a local
area. Table B may be omitted if desired, since all
selected output valuze are duplicated in the complete
printout of resulte in Table B8. The selected output
is controlled by the same input joint coordinate
system described below for Table B4. The user is
cautioned when omitting Table B3, since he may
have clected to suppress the complete printout of
results by the option in Table B1. It is thus possible
to use a significant amount of computer time and
print no results.

Table B4 has the number of cards as specified in
Table B1. Card counts should be carefully checked.
1t is reccommended that a listing of the data cards be
checked by the user prior to submission of the pro-
gram for a run.

Stiffness and load data are entered by a coordi-
nate system notation. The coordinates refer to the
discrete-element model of the slab. A joint is defined
as occurring at the intersection of the statior lines in
each x and y-direction. A mesh is defined as that
arca surrounded by four joints. A bar is defined as
the discrete-clement length between adjacent joints.
Figure A2 of the Guide for Data Input summarizes
this notation. Note that mesh data cannot have
either a zero x or zero y-coordinate; x-bar data
cannot have a zero x-coordinate, and, similarly, the
y-bar cannot have a zeto y-coordinate. If the data
occur only at one location (such as a concentrated
load), the From and Through coordinate is simply
repeated. If the data occur along & line, the coordi-
nates will reflect this by having either both x or bath
y-coordinates the same. Data distributed over a
rectangular area are specified by entering the lower
left and upper right coordinates of the atrea.

Values of stiffness entered in Tabie B4 are added
algebraically to the automatically created opticnal
stiffnesses computed by Tables Bl and B2. Thus, ti.»
user has the ability to freely mode! any discontinui-
ties that might exist in the actual pavement.

The orthogonal bending stiffnesses DX and DY
are entered in each direction and sre specified on &
per unit width basis. I the edge of the slab coincides

with a station line, a half-value of stiffness shouid be
input for both DX and DY along the edge. If the edge
of the real slab is nct on a station line, a proportion-
ate value of full stiffness is entered. This is demon-
strated by a sample input in Figure A3 of the Guide
for Data Input. The stiffness proportionment may be
thought of as a direct function of the plan area of
real slab surrounding each joint.

Load Q is concentrated on a per joint basis and
may be apportioned at each joint by the contributory
arca loaded around each joint. Positive loads act
upward. Loads that occur between joints may be
fractionally proportioned to the adjscent joints.
Support springs S are concentrated values input and
apportioned exactly like loads. A rigid support may
be specified by introducing a large value of support
spring. A maximum value of 1 x 10% is suggested to
avoid computational difficulties for some computers.
Loads may also be applied to the pavement by means
of specified load pattern in Tables B6 and B7
discussed below.

The twisting stiffness C is input on a per unit
width basis for each mesh surrounded by four joints.
When the geometric edges of the actual stab do not
fall on a station line, proportionate values of unit
twisting stiffness may be input similar to bending
stiffness proportionment. Computations of twisting
stiffnesses for slabs or piates are at best still approxi-
mate procedures. This is due to uncertainty in the
defining of the shearing modulus of rigidity. The
best procedure is to ascertain the twisting stiffness
experimentally as outlined by Reference 10. The
formulas shown above in the Table B2 discussion are
correct for uniformly thick isotropic plates. An
approximate value of twisting stiffness for ortho-
tropic slabs or stiffened plates may be obtained by
using procedures outlined by Huffington!! or com.
putations summarized by Troitsky in a recent publi-
cation.}? Fortunately, precise values of twisting stiff-
ness are unnecessary to model a slab. The main load

"W, R. Hudson and Hudson Matlock, Discontinuous
Orthotropic Plates and Pavement Siabs, Research Report
56-6 {Center of Highway Resserch, University of Texas,
19686).

“N. J. Huffington, Jr., Thooretics! Determination of
Rigidity Properiies of Orihogonally Stiffened Plates
{Appiled Machanics Divisicn, ASME, 1955).

"8, Timoshenko end 8. Woinowsky - Krieger, Theory of
Plates end Shells, Enginsecing Socisty Monographa, 2nd
Ed. (McGraw-Hill, 1069,
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carrying capabilities of a slab are due to its bending
stiffness which is more accurstely definable.

By using a zero value of twisting stiffness and zero
Poisson's ratio, a simple grid system may be
modeled. Each beam would be modeled by an
appropriate DX or DY term which would then-be the
per unit width stiffness. The beam stiffnesses

entered should therefore be divided by the increment
width.

Table BS is for input of in-plane axial tensions PX
or PY if present. These might be generated due to
temperature differentials or traffic braking and
acceleration forces, There is no provision in the pro-
gram for automatic distribution of applied axial
forces since no in-plane supports are used which
would restrain them. The user must specify the dis-
tribution of the axial tensions (+) and compressions
(-} in each x-bar and y-bar of the model. Since these
are oar forces, no data should be input which would
represent forces outside the boundaries of the actual
slab. A brief sample of data input is given in Figure
Al in the Guide for Data Input.

All data in Tables B4 and BS are algebraically
accumulated and values therefore may be added or
subtracted regardless of other values specified.

Table B6 is for input of special load patterns such
as are found on the C-5A or Boeing 747 sircraft.
This table allows the user to specify one pattern
which can then be repeated or placed several times
on the same pavement. By this mezans, th: placement
of wheel load patterns by individual load inputs in
Table B4 is unneoessary.

A maximum of nine different patterns may be
specified with a meximum of 12 loads in each
pattern. Each pattern requires two input data cards.
The first card specifies the pattern number designa-
tion. the number of loads in the pattern, and the
pattern coordinates. The pattera has its own local
coordinate system, the only restriction being that the
increment spacing is the same as for the complete
pavement described by Tabie B2, The second card of
the pattern is for the entry of the individual pattern
load magnitudes. For loads between stations, a geo-
metric apportionment of load could be used. The
first pattern coordinate and load entered in columns
9 through 14 is the reference load fot the pattern and
is the load which is placed by Table B7. It may have

3

any coordinate including negative vaiues and may
also have a zero magnitude of load which is some-
times convenient A typical pattern and Table B6
input is shown in Figure A4 of the Guide for Data
Input.

For a problem series in which the effects of
several load patterns may be studied, all patterns
could be entered in Table 6 of the first problem. The
selected pattern numbers are then applied to the slab
by the Table B7 of each problem. The series can be
parent and offspring problems, or individual prob-
lems in which stiffness might be changed from prob-
lem to problem. New patterns can be entered at any
problem in the series and are then available for sub-
sequent problems. If the same pattern number is
used as was previously used, then the new pattern
replaces the old paitern.

Table B7 is for the placement of any or ali of the
load patterns defined by Table B6. Any number of
pattern-placement cards may be used. Placements of
the reference load are by coordinates which are
related to the overall system defined by Table B2.
Placements outside the boundaries of the actual slab
are permissable. Any loads of the pattern that thus
fall off the slab are not included in the solution. The
same pattern number may be repeated on several
cards if desired. They need not be in numerical
ascending sequence.

For offspring problems, only Table Bi and Table
B4 with added loads are required. Any loads entered
in the oftspring Table B4 replace all other previous
Table B4 loads. Offspring problems may also be run
with only Table Bl and new load pattern placements
in Table B7. Table B2, stiffnesses in Table B4, and
Table BS cannot be used in offspring problems.
Tables B3, B6 and B7 may be used as desired.

input Checkiist. An input checklist is provided in
Table Al of the Guide for Data Input. A listing of
the input data prior to problem submission will also
aid in detecting coding and keypunch errors,

Deta Errors. All data are checked for compatibility
with the geometry of the specified slab and con-
sistency of coordinate input. A count of the number
of dsta errors is made and if any errors are encount-
ered, the problem is terminated and a message
showing the number of data errors made is printed.
Typical errors are: 1. misuse of the multiple-ioad
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PATTERN NO.

REFERENCE LOAD

66 in

30 kip LOADS

hti2in h,t 22 .

Table BE input for this pattern:

Patturn Num of
Num Loads in

Pattern X y X y

2 7 2 0 0 2
0 -30000

Pigwre Ad. Typical special load patiern, i

4 2 -3 -1 0 -1 4 -} 7 -l
-30000 -30000 -30000 -30000  -30000
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option, such as a -1 following a 0 in the preceding
problem; 2. the number of increments in the x-
dircction cxceeding those in the y-direction (if this
were allowed, an inefficient and time consuming
computer solution would result); 3. a negative or
zero increment length specified; 4. a negative
Poisson’s ratio or thickness input; 5. the “Through"
x or y-coordinate in a data specification numerically
less than the “From™ coordinate; 6. data specified
outside the geometric limits of the slab (exceptions
arce Table B6 and B7 which allow load patterns to be
outside slab boundaries); 7. a zero x or y-coordinate
specified for a twisting stiffness; 8. a zero x-
coordinate used for x-bar axial tensions or a zero y-
coordinate for y-bar tensions; 9. the number of
increments specified are greater than the dimen-
sioned storage the program can operate with; and
10. misuse of the selected output option,

Computer Results. All input data cards are re-
flected in the printout of results exactly as they were
input. it is good practice to again check these data
for possible errors prior to inspection of the re-
mainder of the results. The importance of using
descriptive alphanumeric information for the
problem series header cards and for each problem
number card cannot be over-emphasized. This will
avoid confusion when running a large number of

problems.

A continuation of Table B4 is printed after the
normal Table B4 input v/hich reflects the computed
optional pavement stiffness constants. Appropriate
quarter, half, and full values are generated for bend-
ing stiffnesses and the subgrade spring equivalent.
Full values of twisting stiffness are computed for all
the mesh areas of the slab. Reference to Figure A2 in
the Guide for Data Input explains the different data
types and their associated numbering systems.

Immediately after the echo print of load place-
ments in Table B7, a summary of the applied load
patterns is printed. This should be inspected to see if
the total number of whee! loads and their aigebraic
sum are of the intended amounts. The number of
pattern wheels which fall outside the slab boundaries
and their algebraic sum are also printed for
information.

Table B8 gives the complete printout of final
results. If the option to delete Table B8 is exercised
in Table B1, then only a single reference station is
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printed at or near the center of the slab. Again, the
user is cautioned to use this option with discretion to
avoid deleting significant results. Table B8 is
arranged to give the x and y-joint coordinate, the
transverse deflection at each joint (upward deflec-
tions are positive), the bending and twisting
moments, the support reaction, the principal
moment or stress and its dicection. The tabulations
are arranged in groups for each y-station. Output
values of bending and twisting moments are given on
a per unit width basis. Bending moments are positive
for compression in the top of the plate or slab. The
x-bending moments act in the x-direction and
y-bending moments in the y-direction.

The per unit width x twisting moment is tabu-
lated and is exactly equal to the y twisting moment
with opposite sign. The x-twisting moment acts in
the x-direction and is about the y-axis. Even though
the input values of twisting stiffness were specified at
cach mesh, the output value of twisting moment is
the average of four adjacent mesh areas and is there-
fore given at the joint. The user is cautioned that the
output values of twisting moment along the edges or
other discontinuities of a slab or plate reflect the
average and thercfore may be a one-quarter,
one-half, or some other propretionate value of
twisting moment.

The support reaction is the concentrated vaiue of
resistance to displacement offered by any support
springs if present. A subgrade modulus spring will
reflect the concentrated value of pressure under the
siab, The value of support reaction is different than
the similar value tabulated in prior versions of
DSLAB and SLAB computer programs. In those
programs, the value might have been better labeled
Net Reaction, or Net Force, since it was the summa-
tion of the applied load and support reaction.

Internally in the program. a Mohr's circie
analysis is made at each joint using the orthogonal
bending moments and the twisting moments to yield
the larger numeric value /positive or negative) of
principal moment per unit width and the angle from
the x-axis of the coordinate system to the acting
direction of this larger value. Counterclockwise
angles are positive. If the stress option is specified in
Table Bl, the values are converted to the larger
numeric value of principal stress instead of moment.
A positive stress indicates tension in the bottom of
the slab. The input value of thickness is properly
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used only for slabs of constant thickness. For slabs of
variable stiffnces and thickness. a direct conversion
can be made {or principal stress from the principal
momcent,

As both a check on the internal computer solu-
tion and a check on the input of the load system to a
problem. a statics check is printed at the end of
Table B8 which is the algebraic sum of all the re-
action values and should be equal to the sum of all
the applied loads from Tables B4 and B7. This check
should always be inspected to verify that the desired
load system was specified and that the problem was
properly solved.,

Table BY has been found to be the most immedi-
ately useful type of output in the SLAB J0E pro-
gram. It lists the output parameters which were
specified as selected output in Table B3. Each area
of Table BJ is treated as a separate output array for
each of the four desired output values of deflection,
bending moments in the X and Y directions, and
principal moment or stress depending on the Table
B1 stress option.

The coordinate references are printed in consecu-
tive groups associated with the largest number of
increments in the rectangulac area. For instance, if
an area were desired from 10, 15 to 12, 20 then there
would be three groups of values each with five
values. If the area is square, then the groups are for
cach Y value included which is the same as the
normal arrangement of Teble B8 output. Adjacent
to the coordinate is the numerical value of the deflec-
tion, moment, etc. To the right of the output values
is a series of asterisks which have a relative place.
ment to one another which are proportional to the
numerical output value. Thus, a crude plot of the
output values is obtained. The plot has a width of 20
printer characters and a length equal to the number
of nodes encompassed by the area specified. The plot
has no scale and no zero, the values are reletive to
one anothes, increasiag positively to the right. The
20 character width is based on the minimum and
maximum value in the area to be piotted. The user is
cautioned to not misinterpret apparent changes in
plot curvatures which might have been generated
due to very slight numerical change.

The plots have been found to be especially valu-
able in undersianding slab behavior in aress adje-
cent to concentrated wheel loads. ANl deflection

areas are printed first followed by bending moment
arcas which are printed adjacent to cach other if
both x and y-moments were desired in the same arca.
The final selected output is for the principal
moments or stresses. Plots of principal stresses along
slab lines are somewhat misleading since the direc-
tion of {he stress usually varies along the line. It is

- valuable, however, in pointing out maximum values

of stress which might be overlooked when inspecting
a mass of numbers in the normal Table B8 output.

The final printed output is of the computer time
which has been used for the problem plus another
time which is the total elapsed time. The user should
record his problem run times for parent and off-
spring problems for each different problem size he
runs. By this means, an estimate of required run
times can be made for future problems. For s- all
problems, the offspring times will be from 20 to 50
percent of the parent problem times. Fortunately,
the offspring problem time decreases to a very small
proportion of the parent problem time as the prob-
lem size becomes large. A time as low as four percent
is possible. For this reason, the user should, for
computer economy, run as many offspring problems
for each parent problem as he thinks he might need.

Comgater Time Requirements. The computer
time required for running problems with program
SLAB JOE cannot be as precisely defined as the stor-
age requirements indicated in Figure Al. As pre-
viously stated, it would be good practice for the user
to vecord run times as he uses the program to be able
to make better run time predictions.

Based on a small sample of run times using SLAB
JOE and similar programs, the following time
expressions were derived:

For parent and independent problems,

™Y, X
Tp= 5000 1 + 55 (EqA2]

Where T is the prodicted central peocessor time in
seconds, and X and Y are the number of ilab
incroments.

Foc offspring problems,

To=Tp g [Eq A3)




where T, is the offspring time and Ty is the above
parent problem time. A minimum of four percent of
Tp should be reserved for Ty times for large
problems.

In both parent and offspring problems, a very
rough estimate of input-output time required may be
found by this expression:

XY
Tvo=—%- [Eq A4]

where Ty, is the estimate of input-output time in
seconds.

The above time estimates should be reasonably
accuratce for problems with X iess than 30. For larger
problems, the estimated times will probaoly be
somewhat conservative.

The program compile time must be added to the
estimated problem run times. The complete pro-
gram deck will compile in approximately ten
seconds. If stored on tape in a re-locatable form, the
compile time will be nominal.

Sampie Problems.

Bridge Approach Slab-Problem 601M, This
problem is the same as example problem. 601 of
Stelzer and Hudson's report!? and similar to
problem 601 of Hudson and Matlock's report, ' It is
discussed here to demonstrate the use of Program
SLAB JYOE and to give a referer.ce solution for pro-
gram checkout when necessary,

The problem is illustrated in Figure AS. A
10-inch-thick, reinforced-concrete bridge approach
slab is used. It is supported on one end by the bridge
abutment; the other end rests on the embankment.
Because of poor compaction, which often results
when there is backfill, the soil has settled under the
interior of the slab and left a section unsupported.
The slab has a center-line joint and a crack which

"C. F. Stelser and W. R. Hudeon, A Direct Computer
Solution for Plates and Puvement Siabs, Ressarch Report
58.9 (Centor for Highway Ressarch, University of Texas,
19€7).

“W. R. Hudson and Hudeon Matlock, Discontinucus
Orthotropic Plates and Pavement Sisbs, Ressarch Report
58.8 (Center of Highway Ressarch, Univeraity of Texms,
1068).

developed from a combination of shrinkage and pre-
vious overstress. For a non-uniformly supported slab
such as this, the dead weight of the siab must be con-
sidered when evaluating moment and stresses. This
weight acts as a uniform load of 600 Ib per station.
Two 10:kip wheel loads were considered in this
exampie. An axial load of S000 Ib per in. has been
induced by the expansion of the adjoining pavement.

The problem is modeled by a 12 by 16 increment
slab. The slab stiffness options are exercised in
Table Bl. The subgrade is introduced in Table B4
over the proper area from stations 0, 7 to 12, 15. The
crack and joint are modeled by subtracting the full
bending stiffness along their lines from 0, 7 to 12, 7
and 6, 0 to 6, 16. The abutment support is simulated
by a double line of rigid supports along that edge
from 0, 0 to 12, 1. The loads are introduced by
Tables B6 and B7 to demonstrate their use, although
they couid have been coded in Table B4. It will be
noted that there are two load patterns in Table B6
which simulate a truck and trailer. The load place-
ment in Table B7 is such that only two of the trailer
wheels fall on the approach slab in the same position
as shown on Figure AS.

The reader will note that the computed results are
slightly different than Stelzer indicates. This is due
to a coding error in his problem. The illustration of
Figure AS shows an axial compression of S000 1b/in.
in the y-direction of the slab, but the problem as
coded in the Stelzer report has this axial compres-
sion in the x-ditection. The thrust is slight and has
little effect on the results in either case however.

The results for problem 601M are also somewhat
misieading neay the face of the abutment. A double
line of rigid supports was used to represent the abut-
ment support which effectively fixes the slab against
rotation at that end. A morc realistic modeling
would have been achieved by a single line of supports
at the abutment edge, thus allowing rotation to
occur. The amount of nominal anchorage that is
usually placed between slab and abutment is not
nearly enough to preclude rotation.

Taxiway Siab with C-5A—Problem JRS. This
and the next problem show how the application of
Tables B6 and B7 can be used to conveniently code
complex load paiterns and their placements. The
problem is illustrated in Figure AG with the heavy
crosses indicating the C-S5A wheel loads, and the
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Figure A6, Runway sisb with C-5A and B-747—sample problems JR5 and JR6.
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darkened circles the Bocing 747 loads which are used
mn the following prablem.

The slab area under study has four 25-foot square
panels with cracks between the panels that have 25
percent flexural stiffness remaining. The slab is 12
inches thick, the subgrade modulus is 125 Ibs per
cubic in.. and the concrete modulus of elasticity is
five million Ibs per square in. with a Poisson’s ratic
of 0.2.

The selected increment lengths of 30 in. and 21.5
in. arc coarse for a problem of this type, and the user
would probably use more increments to effectively
model his problem. However, a coarse solution when
inspected would allow the user to then possibly
delete, for additional finer mesh problems, areas of
the slab which obviously do not affect the area under
study.

Ail the input and output options are specified in
Table B1. A sciected output area which includes the
loaded area of the slab is specified in Table B3. In
addition, three lines of selected output are specified
in the x and y-directions. Seventy-five percent of the
slab bending stiffness, is removed by Table B4 input
along the lines of the joint. it is noted that this is
eccomplished by removing 37.5 percent along the
complete line and the remaining 37.5 percent at the
interior stations along the joint. By this means, the
removed stiffness at the edges is compatible with the
automatically generated half-values at the edges.
One six-wheel gear group of the C-5A is described in
Table B6 with an additiona! reference wheel at the
center of the pattern with a zero load value. This
pattern is then placed twice by Table B7 to create the
total load patiern as shown on Figure A6.

The output of Table B8 has been omitted. The
output of Table B9 indicates that the maximum
deflection orcurs at station 10, 10 and the maximum
stress occurred at station 9, 11. The large slab area
specified in Table B3 from 3, 8 to 17, 21 aliows these
maximums to be immediately discerned by the rela-
tive plot values adjacent to the tabulated values.
Three additional lines of selected output were speci-
fied by Table B3 which coincide with some of the
wheel loads as shown on Figure A6. These lines are
valuable for comparing deflection end moment vari.
atlons in specific directions or areas. It may be noted
that the plotted output from areas can be thought of
as plots of contiguous strips with the relative values

of cach line in proper proportion to adjacent lines,
Variations of deflection, stress, or berding moment
may thus be studied in one direction along consecu-
tive strips taken in the other direction, but still allow
the maximums to be emphasized by the plots.

Taxiway Slab with B-747—Problem JR6. This
problem is the same slab shown in Figure A3 which
was used for Problem JRS. A different load pattern
is used which represents two gear groups of the
Boeing 747 aircraft Due to the modeling coarseness
of this demonstration example, two wheels of each
group are split to adjacent node points, thus forming
a six-wheel group for each pattern. This apportion-
ment must be taken into consideration when
interpreting the results.

This problem is run as an offspring problem to
the previous problem. Only Tables B1, B3, B6 and
B7 were input. The pattern could have been
described as pattern No. 2 in the previous problem
and then simply placed by the Table B7 of this prob-
lem. The computer efficiency of multiple loadings
via offspring problems may be seen by comparison of
the run time of 23 seconds in Problem JRS to 7
seconds in this problem which is 30 percent of the
parent probiem time. For extremely large problems
{which might be a maximum of 68 by 68 or 20 by 342
as seen in Figure A1) the offspring time might be as
littie as 3 to 4 percent of the parent problem’s time.
A procedure for estimating computer times was
given in the discussion of the program.

The output for this problem may be compared to
that of Problem JRS. The major bending moments
with the B-747 loads, even though the individual
wheels are of almost 50 percent greater magnitude,
are not S0 percent greater, When the stresses (or
principal moments) are compared, however, the
B-747 maximum is significantly higher than the
stress induced by the C-5A. This is due to the much
higher twisting monxents present which are evidently
caused by the influence of the two gear patterns on
esch other. The two C-SA patterns are orthogonal to
the major slab directions, but the two B-747 patterns
are oriented aimost at 45 degrees to each other in
relation to the major slab ditections, thus causing a
significant twisting effect.

SimplySupported Plate—ProbiemSAC1. This
problem is added for reference and to roughly
demonstrate the accuracy of the program. The prob.




lem 1 a simply supported isotropic plate 48 indhes
square, 0.9788 inches thick. with a concentrated
load of 10® pounds at the center The optional st
ness input was not used, although it could have
been. he stiflnesses entered 1n Table B4 are com-
puted from the above plate thickness for a modulus
of clasticity of 3.0 x 107 Ibs/in?, and a Poisson's ratio
0f 0.25. The simple supports are created by very stiff
suppert springs around all edges.

The results indicate 2 maximum deflection at the
center of 1,138 inches. Even though this is a coarse

R

mesh of only 8 by 8 increments, the deflection s seen
to agree closely with a closed-form solution of  1.07
inches given by Timoshenko.

Ths problem is recommended to be run for quick
program checkout whenever it becomes necessery
An 8 by 8 driver for the program will only require
approximately 24,000 (56.000 octal) words of storage
and the problem will run in about 12 (14 octal)
seconds which includes 10 seconds for a complete
recompilation.
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HnPFENDIX 8 GUIDE FOR DATA INPUT

SEAR WE GUEDE FOR DATAINPUT CARD FORMS

TDENTIEICATION OF RUN tiv o alphanamerte cards per rund

e ]

L

—

IDENTH K A TION OF PROBLEM tone card tor cach probiem: program stops if PROB NUM s lett blank)

PROB NUM

L

Flcwnplim. of problem (alphanumeric)

I

i S 1

Tabte B1, CONTROL DATA (one card {c7 each problem),

Opuional Stiftness
Input Constants
Enter 1 to compute

D&Y € $

Mutupie Load Option Number of Cards
+ T for Parent probs for Table
1 for Ottsprings 2 % 4 (3 6

80
Options {1 Yes)
Delete Print
Detaded  Principal

QOuiput  Stress

S FOURR NN SR N By

B A O ™Y Y ™Y

5 0 %5 0 3 4 45 5 60 65 7% 80

Tsbie B2. CONSTANTS (one card, omit for offspring problemns).

p—— Data for Optional Stiffness Constant  ——f
l‘ncrcmcm Lengths . P";“‘?".‘ Modulus of Slab Subgrade
Num Iners X-Direction Y-Direction Ratio Elasticity Thickness Modulus
X Y h: hy v E A k
N T 30 2 S0 o0 o
A L - F/L2 L /L3

b

Foree Uit |,

Length Unats. Al units must be consistent

Table BY. SPECIFIED AREAS FOR SELECTED OUTPUT (number of carde as shown in Table BY 10 maximum)

From  Through PRINT and SPLOT (1 Yew
X T- Y X Y DEFL X-MOMY-MOM PRIN STRESS/MOMENT
T T R T R TR T

Table BA. STIFFHESS AND LOAD DATA (number of cards as shown Ig Table Bl eater ounly load for offspring probienma)

Frum Through Hending Stiffness Load Spring Twisting Stsffness
X voox oy VY @ S Y
(-1 I 1 _ 1T 1 IR SR
) 10 s 20 X 40 S 6 70

THor offpre ¢ problems Tubles B2 and BS must be omatted. and unly foad may be entered in Fable B4 Tables B 86 and BY may Iw

sed o devind

**Optional Stitlness Saatches must be blank {or offspeing problensy
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Table BS. AXIAL THRUST DATA (namber of cards as shown in Table BI omit {or olispring problems).

Feom Through Axial Thrust
S X Y __m LG
s o0 s w b1 w0 A
‘Teble B6. SPLCIAL LOAD PATTERNS (number of cards as shown in Table Bl wp to 9 patterns may be used).
Pat Numof These coordinates refer to the load pattern
reen Loadsin Reference Load

Num Pattern . x Yy x ¥ x y x y x ¥y x y x y x 'y x
y Y

X ) x .y
0 100 0 1 N I N O A O O
2 6

14 1720 23 2 29 32 35 I8 Al 44 47 S0 S3 56 59 62 65 68 71 74 77 8y

Magnitude of Loads
U N N | 1 l | | | 1 1
14 20 26 RY; 38 44 L S 62 68 74 80

4pecial Patterns ace placed as specified in Table 87 Up to 9 different patterns (18 cards) may be used. The first load of cach pattern s the
reference for Table B7 1t may have a zero load magnitude Negative pattern coordinates are permissable

Table B7. PLACEMENTS OF TABLE B6 LOAD PATTERNS (number of cards as shewn ln Table B1).

Pattern Numot
Num  Plage
meni X Y X Y X Y X Y X Y X Y X Y

o T T 11

S 10 15 20 25 3 35 A 45 0 58 0 65 70 7$ 80

These coordinates refer to the coordinate system defined by Tabie B2. Negative coordinate placements are permissable.

GENERAL PROGRAM ROTES

The data cards must be assembled in proper order for the program to run.

A consistent system of units must be used for all input data, for example, kips and feet.

Al 2t0 S.space words are underst d to be right-justified integers e e s ! +4321 I

Al 10-space words are floating-point numbers (E10.3). .. . . .. .. .. . l —4.321E+0 ’ll

Al b.space words are floating-point numben (F6.0) . . . .. ... ... ..
Tabie B). CONTROL DATA.

The multsple toad optson 1s caercised for problem series in which only the load positions and magnicudes of Tables B4 o B6 and 87 will
vary The first problem in & series s the Parent and is specified by entering + 1, successive loadings are the Offsprinig and are specified
by entering —1. if the option is left blank. the problem is complete within itself.

The number of cards input for Table B2 through Table B7 should be carefully checked after coding is completed. A checklist for allowable
Tables and numbers of cards tor each Table 1s given in Table Al

¢ smenticnal plate of ilab input stiffiess may be selected by entering | for those to be computed Appropriate values must then be made
avatiable in fable B2

Uutpat sptiom may aiso be selected if desired Al detatled output of Table BB may be suppressed except a single reference location at the
conter of the slab The uner may aho print principsl bending steesses computed from a constant tickness t in place of prinaipal
monent  The stress has the vamie sign as the princtpal moment. .« value of thickness must then be availabls in Table B2
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Tahle B2. CONSTANTS.
Vartables hy hy v E t 3
typical Input Units: in. n. none 1bs/ind in. Ihs/an?

Only one card is needed for Parent or Independent problems. ‘L his table is omitted for Offspring problems.
Poisson's ratio will be taken as zero unless specified (always positive).

Data for computation of optional stiffnesses need be entered only if the uptions are exercised in Table B1. However. they may be entered
and thus 3 "inted for reference if desired. The stiffnesses are computed from these customary relationships:

Etd £3
= o e e = kh
D=0 1241 —A) ¢ 120 4v) s ‘hy

The computed stiffnesses are constant over the X by Y area of the siab and appropriate quarter and haif-vslues are generated at
corners and edges. They are printed as an extension te Table B2 and thus any additional stifiness values entered in Table B4 are
superimposed algebraically.

Table B3, SPECIFIED AREAS FOR SELECTED OUTPUT.
A maximunt of ten curds may be used, with a maximun of YJ0 points specified by each card.
The selected results are printed if any of the four print options are exercised.

Table B3 may be omitted if desired since all selected output values are duplicated in the complete printout of the results. The user 1s
cautioned, however, that the complete printout may have been suppressed by the option in Table Bi.

The selected output is controlled by the same joint coordinate system shown in Fig A2 and described below for Table B4.

Table B4, STIFFNESS AND LOAD DATA.

Variables: D* Y Q S C
Typical Input Units: Ib-in? Ib-in? ib b 1b-in?
in. in, in. in/rad

All data are described with a coordinate system notation which is related to the discrete-element model of the slab. This is shown in
Figure A2,

Todistribute data over a rectangular ares, the lower left-hand and the upper right-hand coordinates must be specified. Figure A3 illu-
strates a sample data input.

All data entered in this table are algebraically added to the opiional stiffness values generated from Tables Bl and B2.
To specify data at a single location. the same coordinates must be specified in both the “"From" and “Through" columns.

‘The “Through™ coordinstes must always be equal to or numerically grester than the "From™ coordinates.

The user may input values on the edges of the vlab and the corers ta represent the proportionate arca desired as illustrated in Figure A)

There are no restrictions on the order of cards in Tabie B4. Cumulative Input is used, with full values at each coordinate.

Unit stiffness values D* and DY are input at alf jointz. The values are reduced proportionately for edpes.

Load values, Q. and support springs S foe any joint are determined by multiplying the unit toad or unit support value by the appropriate
ares of the real slab asigned to that joint. Hinged supports are provided by using large 5 values. Concentrated loads that occur
between joints can be proportioned geometrically io sdjacent joints.

Unlt twisting stiffness C is defined for the mesh of the plate or slzb currounded by four rigid bars and four Joints. The inesh is numbered
sccording to the joint number at the upper right corner of the mesh o5 shown in Plgure A2.
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Table BS. AXIAL THRUST DATA.
Varables [ "
Typical Input Unity ih b

Atl dats in this table are concentrated. Distributed data must be summed uver the width of the increment involved. Proportionate values
can be used along edges.

Axial tension { ¢ } or compression (—) values P are specified for each x-bar or y-bar. There is no mechanism in the program to automats-
cally distribute the internal effects of any externally applied axial foads.

The axial thrust PX refers to the force in the x-bar in *he x-direction. Since it is a bar value, nio concdinate should be used which would
spectly a PX valuc in a bar outside the real plate ot slab. The bait are numbered according ¢ the joint number as shown in Figure A2

Toble B6. SPECIAL LOAD PATTERNS.
A maximum of 9 different patterns {18 cards) may be used with up to 12 loads in each pattern.

The first load entered in columns 9 through 14 is designated as the r2ference load for placement of the pattern by Table B7. It may have
a zero value for convenience if desired.

The coordinates entered in this table refer to the relative pasitions of the loads within the pattern. This is illustrated by Fig A4 Coord
nates may also have negative values if desired.

Special Load patterns need not be entered if they are the same as those in previous problems, however, additional patterns may be used
Any new patterns entered replace those with the same pattern number. Al load patterns defined in previous problems, including
previous Parent and Independent problems, zre retained, and may then be used by specifying their placement in Table B7.

Tahle 07, PLACEMENTS OF TABLE 86 LOAD PATTERNS,

Each pattern defined by Table Bo may be placed at 2 number of different locations on the slab. Any patterns specified in previous prob-
lems may be also placed by this table; they need not be re-entered in this problem's Table B6. Pattern numbers must be unique
throughout the series. however,

Placements of the relerence foad are by coordinates which are related to the overall system defined by Table B2, Placements outssde the
boundacies of the actual siab are permissable. Any loads of the pattern that thus fall off the slab are not included in the solution. For
reference. however, 8 summation of all loads placed on and off the slab is given in the output of Table B7.

1f only wew patterns and placements are specified, and no stiffness data is changed in Tables B2, B4, or BS, then this prablem is an oft-
speing problem.

Toble Maskoum Parest or indopondont

Ne. . of Probloms prne
Carde
Roequived Optional Required Optional Dhallowed
B t X X
82 | X X
83 10 X X
B4 no fimit X X*
BS no limit X X
8o 18 X X
87 ro lHimit X X
Load Only

The user shouid also ensure that if Options! Stiffness Options are exercised in Table
81, that appropriate data is available in Table B2. He should aleo verify that If the
Option 1o Delete Detsikd Output ks used, that sufficlent output will be printed for
areas specified in Table 8.

Figuee B1. Chocklist for input tables.
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GLOSSARY OF NOTATION

MOTATIUN FOR SLAD 3CE

Al o1}

AAL 1)

ALF

aMlt +1)

AH2( »1)

ANLL 1o AN2( )

ATL o )}

Bl o)

860 +3)

BETA

BMA

8M0

BHpP

bMR

8MT

BNt o

BMYL

BMLL »
’
)

- . e

bM2(

Cl o
CCl »8)
CHt o )
CHN
CMLE o )

CM2( o+ )

CROL )

Dt o )

VDL M)

DX( o ) o DY( o )
OXN ¢ DVN

IN2
IN13¢ )
IN23¢ )
11154
10PD
10PPS
10PS
10P8
1opp
iSTA
ITESTL

RECURSION COEFFICIENT

COEFF IN STIFFAESS MATRIX

ANGLE ON MOHRS CIRCLE

RECURSION CCEFFICIENT A( 1) AT J=1
RECURSIOM COEFFICIENT Al 1) AT J-2
JOENTIFICATION AND REMARKS (ALPHA - NUI*)
TEMP STORAGE FOR A( +1) RECURSION COEFF
RECURSION COEFFICIENT

COEFFS IN STIFFNESS VMATRIX

HALF THETA (COUNTER CLOCKYWISE 1S +)
AVERAGE OF X AND Y BENDING MOMENTS
FIRST PRINCIPAL PENDING MOMENT

X = BMA
g:olus OF MOHRS CIRCLE
SECOND PRINCIPAL BEKDING MOMENT
BENDING MOMENT IN THE X DIRECTION
UBENDING MOMENT IN THE Y DIRECTION
RECURSION COEFFICIENT B 4 ) AT J=-1
RECURSION COCFFICIENT B( o ) AT J=2
RECURSION COEFFICIENT
COEFFS IN STIFFNESS MATRIX
THISTING STIFFNESS PER UNIT WIDTH
INPUT VALUE OF TWISTING STIFFNESS .
RECURSION COEFFICIENT C( o } AT J-1
RECURSION COEFFICIENT CU o ) AT JU=2
CROSS BENDING -STIFFNESS FOR PR EFFECTS
RECURSION MULTIPLIER
COEFFS IN STIFFNESS MATRIX
BENDING STIFFNESSES PER UNIT WINTH
INPUT VALUES OF BENDING STIFFNESSFS
RECURSION MAJIPLIER .
COEFF IN STIFFNESS MATRIX
A TEST TO ELIMINATE REMNANT REACTIONS
COEFF IN LOAD VECTOR
INCREFENT LENGTH IN X DIRECTION
HX DIVIDED B¥ MY
HX OIVIDED 6Y WY CUBED
INCREMENT LENGTH IN Y DIRECTION
HY DIVIOED BY HX
WY DIVIDED BY HX CUBED
STATION NUMBER N X DIRECTION
INITIAL EXTERNAL X COORDINATE
FINAL EXTERNAL X COORDIMATE
INITIAL EXTERNAL X COORDINATE IM TAOLE 1
FINAL EXTERNAL X COORDIMATE IN TABLE 9
INISTING STIFFAESSIORTIONAL! SWITCH
BENDING STIFFNESS (OPTIOMAL) SWITCH
OPTION FCR PRIN STRESS INSTEAD OF MOM
SUBGRADE MODULAS (OPTIONAL) SWITCH
OPTION TU SUPRESS DETAILED OUTPUT (TAR 8)
INTERNAL PLOT OPTION SWITCH
EXTERNAL X COORDIMATE NUMNER
ALPHANUMERIC BLANKS, USED TO TERMINATE
THE PROGRAM
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12N09
19APA
17N09
12N09
12N0§
28p€?
12M09
12N09
03JAS
17809
260€7
03JAN
200E7
28DE7
03JAR
03JA8
03JA8
12N09
12N09
12N0%
O3JAR
05JEN
05JES
12N09
12N09
30JL8
12809
03/A8
280¢7
03JAS
12809
03JAS
280€7
03JAR
03JAN
280F7
28D€7?
28067
28DE?
28DE7
26067
03JA8
260€E7
12N09
12809
07SEC
07s€0
07TSEN
07S€0
07SE0
0TSEG
12409
12N09
12N09
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11 » 12
J

JJ

JN}

JN2
JNL3C )
JN23¢ )
JSTA

Jl ¢ J2
M .
KASEX?t )
KASEY( )

KLONG

KSHORT

KML

KPROB( )

(48

L2

L]

HL

MX

MXP1 THRY MXPS
ny -
MYP] THRU MYPS
N

NCT2

NCTD

NOE

NPRUBYL )

OOHX

UOHXNHY

. UDHX2

VOHY

OOHY2
POHRHY
PHUAX

PR

PSIGO

PXtL 5 ) o PYL o )
PXN o PYN
At + )

WBMX o+ OBMY
Uh

wPX o QPY
wIMX ¢ CTIMY
REACT

$t o )

$0T2

$160

" KK

SN
SOM
SUMR
THETA

TR

1INl AND IN2 PLUS 2

STATION NUMBER IN Y DIRECTION

J FOR SUBROUTINE MATRIX

INETIAL EXTERNAL Y COORDINATE

FINAL EXTERNAL Y COORDINATE

INITIAL EXTERNAL Y COORDIMATE IN TABLE 3
FINAL EXTERNAL Y COORDINATE 1IN TASLE 3
EXTERNAL Y COORDINATE NUMBER

JN1 AMD JUN2 PLUS 2

00 LOOP INDEX USED INSTEAD OF 1

OPTION FOR SELZCTED PRINT OF BMx
OPTION FOR SELECTED PRINT OF BMY
MAXIMUM REAL Y DIMENSION SI1ZE

MAXIMUM REAL X DIMENSION SIZE

KEEP MULTIPLE LOADING FOR ERROR CHECKS
PROBLEM NUMBER FROM PARENT

DO LOOP INDEX FOR REVERSED J

KLONG+3s USED FOR VARIABLE DIMFNSJONING
KSHORT4+34 USED FOR VARIARLE DIMFNSIONING
MULTIPLE LOADING SWITCH

NIMBER OF INCREMENTS IN X DIRECTION

MX ¢ 1 THRU Mx + §

NUMBER OF INCREMENTS IN Y DIRECTION

MY ¢+ 1 THRU MY + S

INDEX FOR READING CARDS

NUMBER OF CARDS IN TABLE 2

NUMBER OF CARDS IN TABLE 3

NUMBER OF DATA ERRORS

PROBLEM NUMBER (PRDG STOPS 1F BLANK}
ONE DIVIDED BY HX

ONE OIVIDED BY MX TIMES HY

ONE DIVIDED BY HX SQUARED

ONE DIVIDED 8Y HY

ONE DIVIDED 8Y HY SQUARED

POISSONS RATIO DIVIDED BY HX TIMFES MY
LARGEST PRINCIPAL MOMENT

POISSONS RATIO

PLOTTING ARRAY FOR PRIN STRESS OR MOMENTS
AXLAL TENSIONS IN X AND Y DIRECTIONS
INPUY VALUES OF X VND Y AXIAL TENSIONS
TRANSVERSE LOAD PER JOINT

LOAD ABSORBED N RENDING

INPUT VALUE OF TRANSVERSE LOAD

LAUD ABSORBED DUE TO AXIAL TENSIONS
LOAD ABSORBED IN TWISTING

SUPPORT REACTION PFR JOlNT

SPRING SUPPORT¢ VALUE PER JOINT

MOMENT MULTIPLIER FOR PLATE: STRESS °
LARGEST PRINCIPAL MOMENT OR: STRESS
SUBGRADE MODW.US

INPUT VALUE OF SUPPORT SPRINGS
VARIABLE LABEL (=STRESS OR =MOMENY )
SUMHMATION OF REACTIONS FOR STATICS CHECK

' MOMRS CIRCLE ANGLE BETWEFN X AND

PRINCIPAL MOVMENT " .
THICKNESS OF SLAB FOR STRESS CALCULATIONS

20087
28DE7
28087
200F7
200E7
12809
12N09
12809
20DE7
03JA8
12809
12N09
Q1AGA
O1AGS
28DE7
12809
03JA8
19APA
19APS
03JA8
2BDET
01AGH
280E7
01AG8
03JAB
03JAR
01AGH
03JAR
12N09%
280€7
28D0€E7
03JAB
28D€7
03JAB
28DE7
03JA8
28DE7
07s€EC
01AGA
ClAGH
01AGHR
01AGH
03JAA
01AGA
01AGS
01AGH
0laGs
03JAS
03JAR
07SEC
280€7
07SEC
03JAR
17NO9
1TNO9
CIJAS
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: C TGMX s TGMY TEMP STORAGE AHRAYS FOR PLOT ROUTINE
. C xx INDEPENDENT VARIABLE FOR PLOT ROUTINE
: C
. 4 WUTATION FOR SUBROUTINE SPLOT 3 AND 4
: C
! C bETA SCALED DATA { FLY PT )
C 1 GENERAL INDEX
“ C 10TA FIXED REYA
4 IR POINT POSITIONER FOR PLOTYING STRING
i C 1s INDEX OVER X-STA YO BE PLOTTED
! 4 1SKP LENGTH OF SPACE ARRAY TO RE USED
i < Js INDEX OVER J-STA TO BE PLOTTED
i 4 L INDEX OVER [SKP
C UME GA MAXIMUM VALUM IN X ARRAY
C SIGMA SCALER
4 SPACE, INITIAL PART OF PLOTTING STRING
C SYML{ ) LAST &4 CHARACTERS OF PLOTTING STRING
(4 SYHD . SYMBLIR) - TEMP
C THETA MINIMUM VALUE IN X ARRAY
C wibTH WIDTH OF PLOT IN CHARACTERS (COLUMNS)
C. X APRAY YO BE PLOTTED
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O7SEC
07sf2
1880
07SE0
75€0
078EC
orsce
01s8¢e0
07s€0
078¢¢
07sEn
Q7SFC
07SEC
07sEC
07stc
07sEC
07sE¢
07SEC
07SEC
ors€C
018€C




LISTING OF PROGRAM DECK
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A A TS

PRUGKRAM SLABICC( INPUTs GUTPUT, TAPEL, TAPE2 )

26JE0
- o= THIS PKUGRAM 1S A VERSION EXTENDED FROM SLAB 30 FOR CERL BY
- C AUSTIN RESLARCH ENGINLERS INCe 1T HAS THE ADDED CAPABILITIES
$ C SELECTED PLOT OUTPUT, PAVE-ENT GRIEKTED INPUTe AND THE
% C ABILITY TU [iWPUT A SPECIFIED PATIERN OF LOADS AT ANY DESIRED
; < LOCATION
} 4
“ C—-~-- FOR CIFFERENT S12C0 PRUBLEMS OMLY THE DIMCHSION CARDS OF THIS
i C ORIVLR NELD OE CHANGEU. FUR EXAMPLEy AA(S+351) 4 BAIS+343)
t C ALSU CHANGE KSHCRT ANL KLOWG TO ECUAL THE REAL X AND Y STATIONS.
: C
. C CCUS345) o+ B(S+3+5¢3) o BMX(S+34L+3)  WHERE S AMD L RFFER
i c TU THE SHURT AND LONG LENGTHS OF THE REAL PRORBLESie
¢ Qe THIS PRUGRAM IS NUW DIMENSIONED TO SOLVE A 20 BY 40 GRID. RE-DIMFN
. C
t/ c
, C--~==THIS PRUGRAM wiLL UPERATE ON EITHER CUC6600 OR 1BM360/50 SYSTEMS.
5 c THUSE CARDS NEEDCD TO OPERATE UN THE 1BI4360/50 ARE INCLUDED AS
Z C FULLUWING COMPANIUN CARDS TC THE CDC CARDS AND HAVE A € IN COLUMN
: 4 OWRE »~NU THL SYMBOLS 10 IN COLUMNS 78 THRU 80 OTHER ADDITIONAL
! < CARDS SUCH AS THE SELECTIVE DOUBLE PRLCISICN STATESENTS ARL AL SO
i C TAGGED WITH I1BM AND NULLED wITH A Co WHEN CONVERTING TO THE
¢ C §BM360/50 SYSTEM, THC COMPANICN CDC6600 cunos SHOULD BE RETAINED
% C AND NULLED WITH AN ADLED Co
(4
C DOUBLE PRECISION AA Bbs CCo 00,  EE FFo ' 26S€91p
3 1l As  AMl,  AM2, 8 BMl, BM2, ¥P1, 265F9 1y
4 2 Co  CMls  CHM2, Ds-  Ee ATy WP2, 26SEQ IRV
v < 3 ALFs BETAs BMAs 0MO, 8MP, SMR, BMT, 265E91 0
§ C 4 CRD ER, HXs HXDHY, 26S5E91pM
C ] HXDHY3 HY o HYDHX ¢HYDHX3 s ODHX +ODHXHYs QDHX2, 265£91a%
C 6 POHXRY o Pls PMMAX, PR, QBPx, 26SE7IRN
C 7 QBMY, REACTs SDT2s S$1GO, SUMRy THETA, 265€71mY
! (4 ¢ THKs  TMAs  TMXs  TMY,WSUM1, WSUM2, WSUM3, 26SE71mY
] C 9 OPXs  OPY4 QTMX, QTYMY 26SE91av
i DIMENSIUN AAL 23 4 1 )y EEC 23 + 1 1o RE-DIVEN
: 1 FEL 23 01 ) AL 23 01 Do AMI{ 23 4 1 1y RE-DIMFR
: 2 AM2¢ 23 o 1 o WPl 23 4} ) WP2( 2% o 1 1e REenIMen
\ 3 B8( 23 + 3 )y DOt 23 + 3 ) RE=DIMFN
A 4 CC L 23 ¢ 5 ) RE-DIVEN
S Bt 23 » 23 ) BMIL 23 4 23 ) BM2( 23 o+ 23 )y RE~DIMFY
6 Ct 23 4 23 ) CMIt 23 4 23 )y CH2( 23 o+ 23ty RE-DIMEN
: 7 Dt 23 4 23 ) €023 4 23 ) RE-DIVEN
3 ¥ BIAX( 23 » 43 ) BMY( 23 4 43 ) Ot 23 ¢+ 43 )y RE-DIMEN
: 9 SU 23 4 43 ), CHU 23 4 43 )y RE=DI“EN
] A DXt 23 ¢ 43 ) OY( 23 4 43 ), PX( 23 » 43 )y RE=DI“EN
[ PY( 23 4 43 ), Wi 23 , 43 ), AT 23 4 43 ) RE=DIMEN
DIMENSIUN PS1GO (23.«3) RE-DIV
g KSHORT = 29 RE-n s
. KLONG » 40 RE-N{veN
1 L1 § XSHORT + 3 . - . e + 0%JAS
: L2 & KLOKG + 3 S 05JA8
: CALL SB3OES { AAs BBy CCy ODs EEs FFy  Ae AT, AMl, 28JE0
£, ) ANZy By BMls BH2, Cs CMls CM2y Dy Es OSJAS
2 WP1ls WP24 BHXy BMY, CHs PSIGODXs DY, Qs 23JFO
3 S8y PXy PY, wWe Lls L2 ) 19APR
£ND OSJAR
3
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SUDRVUTINE SB3
1
2
3

1 FURMAT | 52H
1 .

/718X 1QnOY

CES

AAy

AM2

WP1ls WP2+ BMX,

S

68e CCo

Be M}

o b

PXe PYy

8MY,

0bs €
M2

Wwe L

Ee

Co
CHo

X

FFo A
CM1le ClA2,
PS1GOOXy

L2

AToe AM
Do
DY

i
€
Qy

26JF0
CSJAR
23JF9
1 19APA

PROGRAM SLABIOE CERL SPECIAL NECK=-ARE~-JJPIFLE 26JE0
28H REVISION DATE 07 SEP 70

/ %X 26HAUSTIN RESEARCH tNG!NEERSo

VDOULLE PRECISION AA, 1. CCo 0Dy EEy FFo We
1 Ay AM] AM2, s BM1, BM2y WPl
2 Co CMle CM2» D €y AT whP2,
3 ALFos BETA, BMA 8MOs BMP, BMR, BMT,
& CRD ¢ ER, HXs HXDHY,
] HXDOHY3 HY » HYDHX ¢HYDHX3 ¢ QDHX ODHXHYs ODHX2,
'Y POHXNY » Ple PMMAX PR, QBMX »
7 QBMY, REACTs SDT2s SIGO SUMRe THETA,
¢ THK » TMA» TMX o TMY s WSUML » WSUM2y WSUM3,
9 RAPXs QPYs QTMXy QTMY
DIMENSIUN ! AAL LY o ) ) EEL LY o )
1 FFO LY o)1 ) AL LY o1 Vo AMIt LY o )
2 AM2L L o 1 ) WPIE Ll o 1 ) WP2( L) o 1
3 86( L1 o 3 )y DD LYl o 3 Do
4 CC (LY o5 )y
S B0 LY L) Yo BM1t L1 oL) o BM21{ L1 i1
é Ct LY oL) )y CMI( LY o) ) M2 LY o L2
? -0t Lle L1 )y Et L1 o L1 )
] BMXE LY » L2 )y BMY( LY » L2 ) Qe Ll o L2
L/ St L1 o L2 )y CHE L1 o L2 )y
A DXt LY o L2 )y OY( L1 » L2 )y Pt Ll o L2
[ ] PYL L1 o L2 )y Wi Ll o L2 0 ATL LY o L2
DINcNSION IN13t 10 Yo JNI3L 10
)} IN23L 10 ) JH23¢ 10 ) KASEX( 10
e KRASEYL 10 }o NKPRUB( 2 | Y KPROB{ 2
3 ITESTL 2 bo AN 40 | AN2( 18
6 CROL 5 )
DIKEhSION PSIGU ( L)1 o L2
COMMUN / SPLT /7 MXe MY, THAs NCT39 NDEs PRy SOM
COMMUN /7 CuUPS / EXe SKKs 1OPDe 1OPCe’ 10PSs HXs HY
% FORMAT ( ) .
10 FORMAT ¢ 5n v 80X LOH[=====TRIM )
11 FORMAT ¢ 5H1 v 80Xy lOK]~====TRIM )
12 FORMATY ( 2VCA&4 ) ’
13 FORMAT ( 5X» 20A& )
16 FORMAT & Als AlGy 5Ko 1TAG A2 )
19 FORMATY (//7/7)1cH PROB » /5Xs Als Ak $X0 1TAGy A2 )
16 FORMAY (//7/17H PROD (CONTD)» /5Xs Als Abs 5Xo» 17AMs A2 )
19 FURMATY  68/)obbH  ®0oThils SERIES CF FROBLEMS wWAS RUN USING A
|} 4OH PROGRAX DEVELOPED FCR THE
& 7 %X SZ2HTRANSPURTATION FACILITIES DRANCH
$ /7 5% SZHOEPARTIMENT OF THE ARMY,
4 / 5X S2HCONSTRUCTIUN ENGINEERING RESEARCH LkﬁORAYORYo
$ /7 %% S2HCHAMPA LGNy iLLlhOlS
¢
7
]

/ SX 20H

AUSTINs TEXAS

Yo
}o
Yo

YREVISED

26SE91 a4
26S8E91nY
26SE91pY
265€91n"
26569t
265€ES1RY
26SEGnV
26SE2IRM
26SE91I AV
26SE91pV
05JAR
05JAR
CSJAS
05JA8
05JA8
19APR
19AF°
19APA
19APS
OTMYH
19APS
410C9
03INO9Y
03NQ9
O03INO9
0309
03NO9
*26JEOFN
31AGO
1TAGO
AMY2
03FEs
OYFE4
170C9
170C9
170¢C9
170C9
110C9
18AGO
31A60
31A60
31AG)
31AG0
31AGO
07sE0
31460
31AG0

t
{
1
3
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46 FORMAT 15Xe 2(1Xo0201R0130022X4E2103) 230C1CnC
C 46 FURMAT (5Xs 201XeJ2e1X013)022X91PELLL) ) 170Co o
47 FURHAT ( 55Xy 124 1Xe 13+ 6E114% Fo.l ) 120€7CDC
C 47 FORMAY ( 5Xy 12+ 1Xs 135 1P6EL1e¢ds  OPF6el ) 170C9 1 mi
48 FURMATI 52H X MOMENT AND X TWISTING MOMENT ACT INO&HO9
] 32H TWE X DIRECTION (ABOUT Y AXIS)s /0 04NO9
2 SOH Y THISTING MOMENT = =X TWISTING MOM  (AMO9
3 3SHENT+ COUNTERCLCCKAWISE DETA ANGLES 4/ 04NO9
4 SOH ARE POSITIVE FROM X AXIS TO THE DIR CaNO9
) 2BHECTION OF LARGEST PRINCIPAL o A6 ] 18AGD
49 FORMAT (/775034 ose THE DETAILED OUTPUT HAS BEEN DELETED BY T 18AGO
1 21HHE OPTION IN TABLE 1. 18AGO
2 /v 9X SOHA SINGLE SET OF VALUES 1S PRINTED AT OR NEAR THE S 07SE0
3 25HLAB CENTER FOR REFERENCE /7 ) 07S€0
80 FORMAT (///50H STATICS CHECK. SUMMATION OF REACTION, 120E7
1 6HS = 4 E1043 ) 28JABCOC
4 1 6HS = 3 1PE10.3 ) 170C91eM
88 FURMAT ( //44H TABLE 3. SPECIFIED AREAS FOR SELECTED 0ANO9
1 1SHPLOTYED OQUTPUT Y7 26JE0
2 45H PLOT (1sYES) ?26JE0
3 v ASH FROMN  THRU DEFL X~MOMENT 17AGO
4 1X 18H Y~MOMENT PRIN » A6 ) 1TAGO
60 FORMAT ( //35H TABLE 6. SPECIAL LOAD PATTERNS//) 26JEO
63 FORMAT ( /740K TABLE 9, SELECTED OUTPUT ) 26JE0
64 FURHAT { //47H TABLE 9. SELECTED OUTPUT -= USING 26JED
] 32HSTIFFNESS DATA FROM PAREAT PROB s Aly AN ) 07SE0
T6& FORMAT ( //50H TABLE 7¢ PLACEr.INTS OF SPECIAL LOAD PATTERNS /)17AGO
91 FURMAT (///30H #aee® PRUBLEM TERMINATED' o+ & 100E7
1 20H DATA ERRORS w#as ) 18D€E7
92 FORMAT { 7/51H *a0e CAUTION, MULTIPLE LOADING OPTION MISUSED 18D€7
X 33H FOR THIS UR PRIUR PRODBLEM ®ees ) 180E7
. 93 FORMAT (///38H sa88 PROBLEM WILL BE TERMINATED, 290C9
| AOHTHE DIMENSION STURAGE 1S TOO SMALL w#sse ) 290CY
94 PORMAT ( (///747TH  ®%& NU CARDS ALLOWED IN TAB 2 OR % FOR MLs~1 )17AGO
95 FURAAT ( /7/50H @8 PRIOR PRUSLEM IS NOT A PARENT ##a )17AGO
96 FURMAT ( ///5CH #e® My SHOULD NOT B8E LESS THAN MX ##e 117AGO
97 FURMAT ( 6uX5UH *®8]LLEGAL DATA INPUT ATTENMPTED IN OFFSPRING PROBI3ILAGO

98 FURMAT

{4/7/4CH *a4® UNDESIGNATELU ERROR STOP #ess ) 180E7

< o
C=~===PRUGRAK AiD PROBLEM IDENTIFICATION

<

ITEST(1) = 1H - 170C9

ITESTI2) = &H g ' 1709

KML = O , : * 150€7

READ )2+ | ANI(N)s N = 14 40 ) : 1709

CALL TIC T0C (1) 26SF6
1010 READ 14y NPROBy ( AN2(N)s N = 1o 18 ) 170C9
IF ¢ NPROBIL) = ITEST(1) )} 10204 1018, 1020 * 020C9

1013 IF ( NPRUB(2) - ITEST(2) ) 1020, 9990+ 1020 020€9
1020 PRINT 11 26463
1021 PRINT | 19MRS
PRINT 135 ( ANL(N)s N = 10 40 ) 170CY
PRIAT 15, NPROBy ( ANZ(N)» N = 1o 18 ) 170C9
REWIAD 1 200C?
KEWIND 2 200C?

NOE = O 100€7

51

RSP




k3

C
C===-= INPUT TABLE 1

READ 2vy “llo MCT2¢ NCT30 NCThe NCTSe NCT6
)} 10PSy JUPB . LOPPS
PRINT 3uy FlLo NCT2e CT3s CThy NCTSy NCTH
1l 1OPS, 10PBs 10PPS

IF (ML) 620 610 61}

C
(oo INPUT TABLE 2
C
61 READ 214 MXs MY, HXHY, PRy EVM,
62 PRINT 224 MXy MYy HAWHY PRy EM,y
. IF ( MUNE.~]1 ) GO 70 69
IF t NCT2 « NCTS oKE. 0 ) PRINT 94
IF ¢ NCT2 ¢ NCTS oNEo O ) NUE = NOE
69 IF ( RML ) 7%, 70y 72
70 1F € ML ) 7Yy 7% 75
11 NOE = NDE + 1
PRINT 9%
GO JO 75
T2 IF (ML ) 7%, T3, 73
73 PRINT 92
75 KML s ML

IF ( L1=3-MX ) 760 770 17
76 PRINT 93

. NOE = NDE ¢ 1 .
kA IF { L2=3-MY ) T8¢ 79, 79
78 PRINT 93 .
NDE = NDE + )
797  IF ( MX -~ MY ) 81, 81, 80
- 90 NOE = NOE ¢+ 1
PRINT 96
'} IF ( HX ® HY ) 82y 824 03
82 NOE = NDE + 1
' § ] IF ( PR ¢ THK ) B4 85, 85

84 NDE = NDE + 1
] ) CONTINE .

C -
Cm====CUMPUTE FCR CONVENIENCE

(4
_JF U ML) 1360 100, 1CO
100 MXPLl = MX ¢ } .
MYPL v MY ¢ ]
MXP2 = (X 4+ 2
MYP2 = MY + 2
MXP3 s MX ¢+ 3
MYP) = MY ¢ 3
MXPL = X + &
MYPA = MY + &
MXP3 » MX ¢+ 8
MYPS = MY ¢ &
ODMX & 1,0 / HX

ODHY = 1.0 / HY
OCHXHY = QLHX ¢ QDHY
PDHXHY = PR # ODHXHY

S2

NCT?s 10PDs 1OPC,
NCT7s 10PDy -10PC,

THK, SKK
THK s SKK

+ 1

02JLO
17460
02JL0
17AG0
e70C9

17AG0
17AG69
17AGO
17a60
17aG0
17AGO
15CE7
180€7
17AG0
150E7
150€7
150€7
150¢7
290C9
290C9
290C9
290C9
290C9
290C9
290C9
180E7
17AGO
29N07
180€7
29N07

"18DE?

29NO7

29NO7
29NO7
29NO7
08DE?
29807
068DE?
Q8DE7
080F?
C80E?
O8OF7
QIDE?
145F6
145€8
14NO07
14807

e et e i o e o 02
B



)
§
t
§
:
¢
¥
i
b
LR
g
¥
¥
§
4
H
i

ODHY2 = ODMY * ODnY
ODHX2 = OCHX ® ODHMX
HXDHY = HX ® QDHY
HYDHX = HY ® ODMX
HYDHXS = HYOHX ® ODHX
HXADHY3 = JXDMY ® ODHY
KPRUS{1) = HLPROS(])
KPROB(2) = NPROGI2)
00 10% J = 14y MYP)
DO 103 | = 1 MXP)
DXilsJ) = 0,0
DYl J)
Q1)
Stled)
CH{lvJ)
PXtled)
PYLL o}
BMX(14J) * 0.0
BMY(14J) = 0.0

CALL SLPLT t wy BMX, BMY, PSIGOs L1y 2y IPOPy 0 )

103 CUNTINUE
195 CUNTINUE
DU 135 K = 1y MXP3
DO 13V I = 1, MXP3
BllsX) = 0.0
OM1(14X) = CeO
CllsK) = 0.0
CM1(1IsK) = 0.0
130 CONTINUE
135 CONTINUE
13 DO 138 K = 1, MXP)
AtKsl) = 0.0
AM] (Kel) = 040
WiKsMYP3) = 0,C
WP1(Ksl) = Co0
WP2(Kyl) = Cod
138 CONTINUE
C
C===r INPUT TABLE 2 e ————
C
- SOM = 6MSTRESS
IF { 10PPS.NE.}Y ) SOM =
PRINT 5% 4 SOM
“IF ¢ NCT3 ) 9980+ 18Cs 150
150 1POP « O
G0 TO i3l
180 PRIANT 38
1 CONTINUE
C

C===== INPUT TABLE 4

C

190
2v0

IF ¢ ML ) 200+ 320, 320
PRINT 344 KPROB
DO 22v J = 1, MYP3
00 21v I = 1y MXP2
wileJ) s QsC

2
2

GHMOMENT

83

14N07
14NN7
14N07
14NO7
14N07
14807
170C9
170C9
29807
29NO7
01K06
O0INOS
01NOG
01NOG
OTwvs
23JE7
23J67
29807
29807
29807
23267
29807
29807
29807
21DF7
29807
21087
16AG7
16AG?
29NO7
210€7
29N07
280€7
29807
28DE?

29807

17AG0
17AGO
17AG0
245€9
26JEO
26JE0
24589
24558
cAStY

150F7
1SDE7
13D€7
29807
240C7




GlleJd) 3 Lal 240C7

210 CulT Ut 260C7
220 CUNT UL 24007
IF ¢ NCT& ) 9980,y 2240 225 075%¢€0

224 PRINT 38 . TSEG
G0 Y0 1362 07sr0

22% DO 260 N = be NCT& N2SED
READ 26 ¢ INloe JH1s IN2s UN2s ON 200C7
PRINT &6¢ INloe JIN1o IHZs JN2e OH 200C?

IL s (Nl + 2 29N07

JI = UN1 + 2 29M07

1e = N2 + 2 29N07

JZ2 = UN2 4+ 2 29N07

IF ( INL - IN2 ) 232, 232, 231 29807

231 NDE = NDE + i 18DE7
232 IF ¢ UN] = UN2 ) 234 234y 233 29NO7
233 NDE = NDE + 1 180€7
234 IF t IN2 = MX ) 236y 236y 235 29NO7
235 NDE = NDE ¢+ 1 180F7
236 IF U UN2 - MY ) 238y 238, 237 29NO7
237 NDE = NDE + 1} 180€7
238 00 25% I = 11. 12 29N07
D0 2%0 4 = Jls J2 200C7

Q(lesJ) s GlIsJ) + QR N 200C7

250 CONTINUE 200C7
255 CUNTINUE 2G6oC7?
260 CONTINVE * 200C7?
GO0 10 386 19DE7

320 PRINT 33 1%0E7
BF ¢ NCT4 ) 998C, 323, 325 . 02s8En

323 PRINT 38 : . . 25€0
- GO 1O 382 02S5F0

32% DO 360 N s 1, NCT& * 02SFEO
READ 234 INle UN1ls IN2y JUN2¢ DXNs DYNe ONs SNo CHN 07MY8
PRINY 434 INle JNYIe IN2s JUN2o DXNs DYNy QGRs» SNy CHN 0TMY8

IF ( ChHN ) 331, 335, 331 oTMYR

b k3 IF ¢ Ihl ® IN2 ® JUNY ® UN2 ) 9980, 333, 3239 180€7
33 NDE = NDE + | . 180€7
335 Il = (N1 ¢+ 2 15D0€7
JI s UN] ¢+ 2 29N07

12 = N2 ¢+ 2 29N0O7

J2 o UN2 ¢+ 2 . ’ 29ND7

BF € INL = IN2 ) 342s 3424 34} 29ND7

341 - NDE = HDE ¢ 1| . 180¢7
342 IF ¢ JUNL = JUN2 ) 344, J6by 34} 29N07
343 NOE = NDE + 1) : ' 18D€E7
b 1YY IF 4 IN2 = MX ) 3464 346 305 29N07
345 NOE = NDE ¢ 1 18DF 7
p LYY IF € Jv2 = MY ) 3484 348, 347 29N07
347 NDE s NDE + ) . 180¢7
h 7Y ) DU 355 I » (] IQ 29N07
DO 350 J = J1, J2 ) 0lDE?

OX(LlsJd) = DXU1eJ) « DXN ASEGS

DY{leJd) & DY(I4J) + DVYN ASELS

Qtledl o Qlled) ¢+ ON . 13AP)

S{led) = 5(1eJ) ¢+ SN 13AP)




C
<
C

CH{TsJ! & CHEL4J) ¢ CHN

350 CONT INJE
355 CUNT INUE
360 CONT INJE
GENERAYE EXTENCEU TABLE &
362 IF ( 1UPD+10PC+40PS +EQ. O } GO TO 363
LF { ML,EQ.~-} ) PRINY 97
iF ( ML,EQ.-1 ) GO 7O 1363
CALL COPS { CHs DXs UYs Sy LIy L2 )
363 CONT INVE
----- INPUT TABLE S
PRINY 237
LF ¢ NCTS ) 998D, 385, 364
364 DO 382 N = 1l» NCTS
READ 244 INle JNL1y IN2s JNZy PXNs PYN
PRINT 44,y INIs UN1y IN2s JN2¢ PXNo PYN
IF ( PXN ) 365y 367+ 365%
365 IF ( IN1 ® JN2 ) 998J, 36be 367
k1.1 NDE = RDE + 1
387 If ¢ PYN ) 368y 370, 368
368 IF L UNY ® JUN2 ) 998Ce 369y 370
369 NDE = NDE + }
370 I1 = INl + 2
J1 = UNY 4 2
12 = N2 + 2
- J2 s JN7 + 2
IF t INL - IN2 ) 372y 372y 371
371 NDE = NDE + 1
372 IF ¢ UNL = JW2 ) 374y 374y 373 °
373 NDE = NMDE + 1
37 IF ¢ IN2 - MX ) 3769 3760 375
37% RDE » NDE + )
376 IF ¢ UN2 - MY } 378, 378, 377
3717 NDE = NDE + 1
378 DO 38v | s [1y 12
D0 3719 J = Jly J2
PRLLsJ) = PXUlvJ) ¢ PXN
- PY{lsJ) = PY(UL4J) + PYN
379 CONY INUE
380 CONMT INVE
382 CONT INUE

GO 10 388
385 PRINT 38

——=—e INFUT TABLES 8 AND 7

386 PRINT &0
1F ¢ nCY7 ) 9980, 389, 388
388 CALL PLLP t Co L1s L2y MCTOr NCTZ, MXs MY )
G0 10 400
349 PRINT 38
IF ¢ NCTT ) 9980, 392, 400
392 PRINT 74
PRINT 38

S5
R e R O e vmaiiliimc MY R ARTALINDIDA WL Y S o S
e —

oTMYS
13AP3
22JE7
13AP3

26JF0
31AG0
31AGC
26JE0
26JED

2ZAPS
245E9
24 SE9
11087
110€7
180€7
180€7
180€7
130€7
180€7
18D€E?
180€7
29M07
29N07
29N07
29807
180€E7
29K07
18DE7
29N07
180€7
Z9NOT7
180€7
12057
1207
20AP5
20APS
29NO7
120€7
120€7
19D€7
150€7

26JE0
31AG0
26JE0
26 .JEC
17AGO
17460
1TAGO
1TAGC




0
L

2 s XaXaXakataXakal

[a Y2}

400 IF { KNDE ) 998Cy 401. 297 26 JEQ
397 PRINT 91+ NDE . 26JE0
60 10 §990 . 29N07
----- FORM SUo~MATRICES
----- A SPRING 1S FLACED AT PTS GEYOND BCUKDARIES OF THE REAL SLAB
TU MAKE SOLUTIUN OF AON-RECTAIGULAR SLABS OR SLABS WITH
HOLLS POSSIOLE. THIS 1S DONE BY TESTING ON THE CCil43)
TERMS, ARD IF ZERO, SET EQUAL TO 1.0
----- Q(1e+J) 1S THE INPUT LOAD FOR THIS PROBLEMs OTHER PRIOR PROBLEM
LOADS ARE DISCARDED
401 DO 600 J = 1, MYP3 29807
DO 404 [ = 1 MXP3 080E7
FFL1s1) = Q(lsd} 30009
IF (J-1) 9980y 402+ 403 080€7
a2 AALLs1) = 0.0 03JAR
GO 10 404 . ’ 080DE7
403 AA(ls1) 2 OY{IyJ=1) ¥ HXDHY2 03JA8
404 CONTINVE 08OE7
) IF { ML ) 501y 405 405 : 08DE7
405 DO 500 I = l¢ HXP3 080F7
IF (J=~1) 9980 41C» 407 . 130¢7
407 IF (MYP3~J) 9980, 438, 420 08NO9
----- COEFFICIENTS COMPUTED AT J = 1
410 IF (1~1) 9980 41l 412 ) 080E7
411 BB(1+2) = 0.0 030E7
86(1s3) x 0.0 . ‘ ) 080E7
TCL13) s 1.0 170C9
CCtlsa) e 0.0 Q80E7
CCtiv®) z 0.0 - 080E7
DDtI+21) s 0.0 ' 080E7
DOt1+3) x 0.0 080E7
EE1Ls] ] 2 049 03JA8
60 10 500 080E7
412 IF (MXP3-1) 998Cs &19y 413 130F7
413 CAD(S) = AMINL ( DX(I sJ+1) » DY(DL eJe1) ) 29JL8
BO(Es1) « 0,0 29JLA
86(142! x 0.0 08DE7
BB(1+3) s 0,0 08DF7
cCils2) e 040 080E7
CCil 3 s HXDHY3 * DY{l,J+1) 08DE7
1 4+ ODHY # PY(]leJ%1} _ 110E7
IE ( CCLie3) ) 4154 0lbs 419 1ADE7
414 €Ciled) * 1,0 170C9
415 CCiloa? x 0.0 130F7
DDLis1 s POHXHY * CRO(S) 29JLe
oD(14+21 x =2.0 # ( HXDHY3 & DY(fsJ¢1) - 03DE7
1 + PDHXHY ¢ CRD(S) ) 29JL8
2 ~ QDHY # PY(l4J+1) 08DE7
00(143) x PDHXHY # CROI(S) 2948
EELL 1) s HXDRY3 # DY(lsJ+1) 03JAS
IF 11=2' 9900, 417 416 130E7
416 cCilold s 0.0 130€7




i

417 1F (MXP2-1) 9980+ 500, 418 130€7
418 CCtieS) = 0,0 130F?
GO TO %533 080¢€7?
419 BB(I+1) « 0,0 130€7
88¢(1q+2) s 0,0 . 080¢7
CCtlsl) = 0.0 080€7
CCtle3) s 1,0 170C9
CCtly2) = 0.0 080E7
DOtIsy2) s 040 08DET
D0(1s1) s 0,0 08DE7
EE(Is1) = 0,0

GO 10 500 080E7

Crm==- CUEFFICIENTS COMPUTED FRGH J s 2 TO MYP2
42u IF (1~1) 9980+ 421y 424 05N09
421 CRDI(3) = AMINY ( DXUI+1ed ) o OY(I419J 3} ) 29JLA
BB(I+2) = 0.0 29JLA
88(1+3) = PDHXHY # CRD{(3) 29JL8
CC(le3) x HYDHX3 # DX(l¢1+J) 08DE?
1 + ODHX # PX{]+14J) 08DE7
IF C CCUIe3) ) Ghly 4220 423 : 08NO9
h22 CCtls93) = 1.0 05N09
423 CCLlb) s =2,0 # (HYDHX3 # DX(]+14J) O5NOY
1 + PDHXHY * CRD(3) ) . 29JLS
P4 - ODHX ® PX(]+1+J) . 080E7
CCr1+%) = HYDHX3 ® DX{l+414J) 11087
DDt +2) s 0.0 . . 08DE?
PD(1+3) = PDHXHY # CRD(3) 29JL8
EE(L ) = 0,0 T 03JAS
. GO TQ 500 08DE?
424 IF (MXP3-1) 998Cs 431y 42% , 0SND9
42% CRO(1) = AMINL ( DX(I-19d } » DY(I=1oJ 1} ) O5NO9
CRD(2) & AMINL ( OX(] od ) o DY(L »J } ) 29JLA
CRD{3) = AMINL ( OX(I41ed ) » DY(I41eJd 1} ) 29JL8
CRO(4) » AMIND ( DX(I oJd=1) 4 OY(] sJ=1) ) 29JL8
CRD(S5) & AMINL { DX(I oJ#l) 4 DY(] oJ+1) ) 29JLA
BB(!41) e PDHXHY # ( CRD{1) + CRD(&) ) + J0J0LE
1 ODHXHY #* { CH{jed) ¢ CHIL4J) )} oOTMYS
B0(142) ® ~2,0 ® ( PDHXHY ® { CRD(2) + CRD(a) } 29JL8
1 + HXOHY3 ® ( DY(lsJd=1) + DY(1eJd) V) 14SE6
2 + ODHXHY # ( ~ CH{IsJ) = CHUI141,J) 0TMYS
3 ~ CHIT9J) = CH{141sJ) ) ~ ODHY # PY{1,J) OTMYA
B80(}.3) = PDHXHY ® { CRD(3} + CRD(4) ) 29JLA
1 4 ODHXHY & & CH(I+1+J) + CHUI+1,J) } 07MYS
CCtl2}) w =2,0 # { HYUHX3 & { DX(I=14J) + OX{(I,J]} ) 29NO7
1 + PDHXHY ® { CRO(1) + CRD(2) ) ) 29JL8
2 + OQOHXHY ® ( ~ CHIloJ) ~ CH{leJel} 0TMYS
3 . « CHUlsJ) = CH(leJ+1) )} ~ ODHX @ PxllsJ) (OTMYS
CCtley = HYDHX3 ¥ ( DX(I-1sd) ¢ 440 * OX(1,J) 29NO7
1 4 DX(141eJ) ) + HXDHYI # ( DY(l,yJ=1) + &4e0]4SES
2 * DY(ToJ) ¢ DY(Lode1l) } ¢+ POHXHY ® 4,.D 145€6
3 ® { CRD{2) « CRDt2) ) + ODHXHY 29JLA
4 ® { CHIToJ) & CHI{LsJ41) ™ CH{f4Ls) - 09MYSR
5 4 CHUL+41oJe1) ¢ CH{TWJ) + CH{T+14J) 07MY8
1 4+ CHUToJ41) ¢ CHIT#19J+1) ) + ODHX 0TMYS
1 &t PX(lsdt + PXUI41sJ) ) ¢ ODHY 145F8
] ® o PYCLoJY ¢ PY(RoJel) )+ StI 168¢E6

37




IF € CCtle3) ) 42T, 4264 427
426 CCtle3) 2 140 .
©217 CCUlobt 5 <240 % ( HYUHX3 ® ( OX(1sJ) + DX{lel,J) )
1 + POHXHY # ( CRD(3) + CRD(2) ) )
2 4 ODHXHY # ( = CHIl1+14J) =~ CH{T+19J+1)
3 = CHi1+1¢J) ~ CH(1419J+1) )} =~ ODHX
4 & PXilelod)
DD(1e1) s PDHXHY ® ( CRD(1t + CRD(S) )
b + ODHXHY ® { CH(lsJ21) & CH{14J4+1) )
OD(142) = =2,0 ® [ HXDHY3 # ( Dy (lsJ) ¢ DY(1eJ+1)
1l + POHXHY # ( CRD(2) + CRD(S5) 1} )
2 4+ ODHXHY ® ( = CH{loJ41) = CH{l+1eJ4+1})
3 = CH{leJs1) - CHUI+14J+1) ) ~ ONMY
4 ® PY(leJ+l)
oDl M) = POHXHY # ( CRD(3) + CRD(S%) }
)} + ODHXHY # ( CH{I+1sJ41) + CH(1414J+1)
EE(L 1) s HXCHY3 # DY(i,J41)
AF (1-2) 9980 429, 428
428 CCtlel) 2 OX{1-19J) # HYDHX?
429 IF (MxP2 ~ 1) 9980, %0+ 430
430 CCUl4%) * HYDHX3 #® DX(1+414J)
GO T0 500 _
431 CRDt1) = AMINL ( OX(I=19J ) 4 DY{1=10J 1} )
88tl) a CRD(1) & PDHXHY
B6(1,2) = 0,0
€l 2 OX(I=14J) ® HYDHX)
CCtl ) = ~2,0 % { HYDHX3 ® DX(1~14J)
1 + PDHXMY # CRD{1l) )
CC(leM) = HYDHX3 # DX(I-1,J}
IF ( CCt1e3) ) 436y 435y 436
433 CCLl+v3) s 1.0
436 DDt} = PDHXKY * CROD(}!}
DO(14+2) s 0,0
EE(L 1) s 0,0
6L T0 500
----- COEFFICIENTS CUNPUTED AT J = Myp3
438 IF (1-1) 9980+ 4294 440
439 B0(I+2) s 060
86¢]+3) s 0.0
CCtley = 1,0
CCll oty s 0,C
CCL1+5). s (a0
OD(1+2) « 0.0
DO(I+d) s 0,0
EE(I41) s 0,0
GO Y0 %00
440 §F (MXP3=1) 9983, 44T, 44l
44 CRD(4) = AMINY ( DX(1 sJ~1) o DYI! +J~1) )
BB(1+1) s CHROt4) * PDHXHY
868¢1+2) s =2,0 ¢ { POMXHY # CRC(&)
1 + HXDHYY # DY(14J-3}
B6(1+3) s PDHXHY ® CRD(4)
CC‘t'Z, L] 0.3
CCtlem s HXDHY) # DY(l.d=1)
IF £ CCULW3) ) 9980 4424 44)
a42 €l ey e 1.0

)

)

05NN
O5N09
05809
29JL%
0TMYA
QTvYs
148€6
29JLR
09MYR
29K07
29JL8
0TMYS8
07MYR
145E6
29JLA
C1MyYAa
03JA8R
05NO9
05NO9
05ND°
0sNO9
08DE7
O05NO9
29JL0
08DE?
08DE7
08DE?
29JL8
08DE?
a5NOY
05N09
05N09
080£7
03JASB
08DE7

05N09
U5N09
080€7
170C9
08DE?
08DE7
Q8DE?
08DF?
03JAR
08DE?
05K09
05NK09
29JL8
29418
08DE7
290LA
080€7
OBDFE7
05NO9
05NO9




VLT

BN TR TR, Y S

443 CCtlea) s 0.0
. DO(14)) s Q.U
DDl +2) = 0.0
0D(1+3) s 0,0
EE(Ll1) * 0.0
IF (1=2) 9980 445, L4s

LT CCtled)? = 040

445 + IF (MXP2-1) 9980, S0Cs 446

446 €Ce149%) s 0.0

GO 10 %03

447 8BtIs1) = 0,0
80(1.2) s 0.C
CClsl) = 0,0
CC(is2) = 0.0
CCileM = 1,0
DD(141) = 0,0
DO(1+2) = 0,0 -
EELL41) ® 0,0

5G0 CONTINUE

C
(oo BEGIiv MAIN SOLUTION
501 DO 515 | = 1, MXP)

C""’“Etklh RECURS OIS COEFFICIENTS TO USE AT NEXT J STEP

AM2(1e1) = AM1(]91)
AML(T91) = Al]4l)

Suk IF ¢ ML ) 515, 505, 305

508 DO 31y K £ 1y MXP3
BM2(14K) » BMLLIWK)
BMI{1+K) = BlleK)
CM2EIoK) = CMIC(T oK
CM1{1eK) = CL]oK)

.%10 CONTINUVE

51% CUNT INVE
C»~===SULVE FUR ALL RECURSION COEFFICIENTS AND RETAIN THE A(l,1)
4 COEFFICIENT AT THIS J STEP IN THE AT(]sJ) ARRAY
RN
CALL MATRIX { L1oJJoMXP3 oMY oAAIBBsCCIDDIEEWFF oA AM]
1 AM2 9B oBML oBH42+CoCMLICM20D0E ML )

00 520 [ = 1y MXP3

ATS19d) = AlLlsl)
520 CONTINUE

3

<

Cmomm- TEST FUR MULTIPLE LOADING -~

< If 2ZEROs RETAIN 8 AND C COEFRICICNTS ON TAPE 1.

C IF PARENT s ALSO RETAIN D ARD E MULTIPLIERS ON TAPE 2.
C IF UFFSPRING: MOVE TAPE )} COMPLETELY FORWARD IN STEPS.
<

IFU ML ) %522, 530, 529
$22 READ (1}
6U 10 690

525 WRITE (2) (¢ D(IoKIoE(IoKEs Im1oMXPIIy KuloMXP3 )

$3U WRITE (1) (( 8 (1eX)s € (1eK)y Is14MXP3), x-l.MxPa |
¢ $00 CUNTINUE
Cr===~COMPUTE AND PRINT RESULTS
C

0NDY
080€7
080E7
080E7
03JA8
05NNY
05NO9
03NN
0SNO9
08DF?
05NO9
080€E7
08DE?
08DE?
170C9
0BDE?
080E7
03JAS8
0AvY?

29N07

210€7
210€7
29N07
200C7
210€7
210€7
210€7
210E7
0aMY?
30JE7

0BAG?

"29NO7

19APS
200C7
29NO7
200C7

250C7
2%50C7
31AGC

-200C7

29NOY?
ANY?




DU 65v LL = 1y MYP) 29NO7
J o MYP4 ~ LL 29807
Co====PUSITIUL TAPEL | FUR READING AND KCTIRILVE THE A RCCURSION COEFF
BACKSPACE 1 16AG7
DU 625 | = 1 MXP) 21007
Allel) s AT(E o) 28D€7 .
62% CONTINUE 220€7
Co===~RETRIEVL 8 AND C RECURSIUN COEFFICIENTS AT THIS J STEP
READ (1) (18 (1sk)s € (ToK)olnlyMXP3} o Ke]loMXP3 ) 29NO7
Cr====REPUSITION TAPE
BACKSPACE ) 16AG7
C
C-===-COMPUTE DEFLECTIONS
(4
4 AM1 AND AM2 ARE NOW TEMPS USED TO REPRESENT BwwP1 AND C®wP2
CALL MATMPY (L1, MXP3y 1+ Bs WPy AM] } ~  26JAR
CALL MATMPY (L1ls MXP3, 1y Cy WP2s AM2 ) 26JA8
DO 63V I = 1y MXP3 21007
Wiled) » ALL.1) & AMILI91) & AM2{I,1) 29N07
WP2(1e1) = WPL{Lsl) . 28DE7
WPLtlel) = Wilsd) 280€7
630 CONT INVE aMy?
%0 CONTINUE . 04MY 7
Cu====SET DEFLECTIONS AT CORNER STATIONS OUTSIDE THE BOUNDARIES
Wilolim 2,0 ® wilys2) = W(1eD) 29NO7
WIMXP341) = 2,08 W( MXP32) =WINXP3,3) 29NO7
WL sMYPI) = 2,00 W(l)MYP2) ~W () MYP)) 29N07
WIMXP3,MYP3) = 2,0 * W(MXPIMYP2) . ~W(MXP3sMYP]) 29N07
c .
Cr==~~CUMPUTE BENDING MOMENTSs PEACTIONS AND TWISTING MOMENTS
< .
DO 73v U = 2 MYP2 i 24SF9
DO 720 I = 24 MXP2 29N07
CRD(2) = AMINL { DX(I +J ) o OY(L oJ ¥ ) 29JLA
WSUMY = ODHX2 & ( Wil=19J) = 2,0 ® WilyJ) ¢ wlleloJ) } O6NO?
MSUM2 »  ODHY2 & ( wWilsd=1) = 2,0 & wWilysJ) ¢ wileJ+1) ) CENOY
BMX(1sJ) = DX(lsJ) ® WSUMY + CRDI(Z) ® PR ® ySUM2 ° 29JLA
BMY(IsJ) & OY(ieJd) © WSUM2 ¢ CRO(2) ¢ PR & w3yMm} 29JLA
720 . CONTINUE 08SE?
130 CONTINUE 08SE?
C .
Co===- OUTPUT TABLE $
(4
PRINT 11 19SE6
PRINT ) . 21417
PRINT 13, ( ANLI(R)y N = )1y 40 ) 170C9
PRINT 164 NPROB, ( AN2(N)y N = 1y 18 ) 170¢9
IF ¢ ML ) 888, 887, 887 06NO9
887 PRINT 39 6HO9
PRINT 48, SOM 18AGO .
0 TO 889 08NO9
988 PRINT 424 KPROB 06NOY
. PRINT &8, SOM 18AGC
689 IF (10PPS) 9980 392 891 17AGO
(13} S0T2 & 640 /7 1 THK @ THK ) 1TAGO
GO YO 895 O06NOY




A

P

-

ARITIRITCN ST CTARNFSIRTINT S 4 6 D™ v amrs i

892 SOT2 = 1.0 174G
895 PRINT 4C, SOM

174G
IF ¢ 10P8.EQ,) ! 17AG0
SPRINT 49 17AG0
ER = 1,0E-12 . 21NO?
SUMR = 0,0 120€7
DO 969 J = 2, MYP2 29N07
IF ¢ JOPB.ANE.Y ) PRINT & TAGC
C=-=~=CUMPUTE ABSURBED LUADS
JSTA = g - 2 29NO?
DO 955 1 = 2, MXP2 29NO7
ISTA = 1 - 2 29N07
QBMX = ( BMX(1<1,J) = 2.0 ® BMX([sJ] + BMX(141,4J) ) 02N06CNC
d QBMX = ( BMX(1-19J)%1,000 = 2,CD0 * BMX(IsJ} + BMX{1414J1300C9IR"
1 * HYDHX 06NOTCNC
C 1 ® 1,000 ) ® HYDKHX 300CoI P
QBMY = ( BMY(!13J=1) = 2,0 ® BMY(loJ) + BMY([sJel) ) 02NOSCNC
C QBMY = ( BMY(19J=11%1,000 = 2.C00 & BMY{]9J) ¢ NMY(],J¢1)3C0COIRY
1 * HXDHY 06NOTCOC
C 1 # 1,000 ) * HXOHY 300Co 1 AN
OTMX = { Wll=19J=1) ® CH{I,J) = Wli=1eJ) ® ( CH{L4J) 0TMYS
| + CHILoJ+l) ) ¢ W(l=14J41) ® CH({I,JeL) 0TMYS
2 “ Wllod=1) ® ( CHUIoJ) ¢ CHIT410I1)¢ N1 ) 0TMYS
i ] ® ( CHUL9J) + CHIToJ+1) ¢ CHUI410J) & CHIT414J OTMYR
4 41) ) = WlleJd+l) # ( CHILJ41) + CHUI419J41) ) OTMYS
S ¢ WIT4LeJ=1) ® CH{I419J) = W(Lle1pJ) ® ( CHII  OTMYA
6 F1oJd) 4 CHIT4L0J41) -+ Wile10J41) ® CHII410J OTMYA
7 +1) 1 ® QDHXMY . 06NO7
QTMY = QTMX 07vYs
oPX = ODHX ® (PRI S) ® WiT=10d) = ( PX{lsJ} O6NGT
1 . 4 PXUL410Jd) ) ® W(lsd) + PXUI+30Jd) ® Wile1,J) }O2NOGCNC
C. A 4+ 0,000 + PX(1+419J) ) & WiloJ) ¢ PX{I419J) ® W(l42eJ})ICOCOLIPY
QPY = ODHY LR PY(LeJ) ® Wiled=]) = (PY(lsJ) 06NOT
¢ 1 4 PY(JaJa2) ) ® W(LIeJ) & PY{TsJel) @ wWileJdsl) JO2NOGEDC
1

+ 0s000 ¢ PY(SoJel) ) # W(lod) + PY(14J41) ® W14 421130009100
Cromome COMPUTE TWISTING MOMENTS

WSUMI & ( Wil=19J"1) = W(I=1eJ41) = Wil+1ed-1) » "14DE7?
1 Wil+l,yJ41) ) @ 0,062% # ODMXHY 06NO?
TMX - { CHULoJ) 4 CH{LoJ+2) + CHUI410J) + 07MY8CNC
C ™X s { CHUTsJ) ¢ CHIT4J41) + CHITI414Jd) + 0.0D004300C91PY
3 CHIlTe34J41) ) 3 wSUMY OTMYS
Comeoe SUBTRACT APPLIED LUAD FRUM SUM OF ABSORBED LQADS TO GET REACY
REACT = QBMX + QBMY ¢ QTMX 4+ QTMY - QPX - GPY  =Qil,J! O08NO7
Cmmome- SUMMATIUN UF REACTIUNS FUR STATICS CHECK
SUMR s SUMR ¢ REACY 17JA8
IFL REACT # REACT ~ TR | 905, 908, 906 10807
p yus REACT = 0.0 . 10NO7
t
C====COMPUTE PRINCIPAL MOMENTS OR STRESSES
<
906 BMA = ( BMX{1:J) & BMY{14J) ) ® 0,50 17JAR

4 BMX 15 BENDING MOMENT §N X DIRECTION (COMPRESSION. IN.TOP 1S ¢ b

4 TMX IS TWiSTING MOMENT IN X DIRECTION (ARQUY Y AXIS)

< S1GO 1S TrE MAXIMUM NUHERIC VALUE OF PRINCIPAL MOMENT ( ¢+ OR - )}
C AF THICKNESS SWITCH IS INPUT 1T IS THE PLATE STRESS AND S +

< FOR TENSION IN BOTTOM OF PLATE

61




[a N alal

CUUITER CLUCKYISE BETA ANGLES ARE POSITIVL AMD ARE MEASURED FRO%
THE X AX1S TC THE DIRZCTION OF THE LARGESY PRINCIPAL STRESS
UR MOMENT (POSITIVE UR NEGATIVE)

TMY = -TMX

BMP = BIX(19J) - BMA

BMR « SQRY ( BMP ® BMP ¢ THY & TNMY )
BMR = DSGRT ( 8MP # BMP + THY #& TMY )
BMO = BMA + BMR

BMT = BMA ~ BMR

Co====TEST TO PRINT ONLY THE MAXIMUM VALUE

916
918
20

022
924
930
932
54
936

9%0__

C

IF t BMA ) 9164 9218+ 918
PMMAX = BMT
IF { BMP ) 940, 930y 920
PMMAX = BMO
IF { BMP ) 920, 930y 940
ALF = TMY / BMP
ALF = ATAN ( ALF ) * 57,2957
ALF s DATAN ( ALF ) « §7,29978
IF ( ALF ) 922, 9244 924
THETA s~-ALF <~ 180.0
GO 10 945
THETA = ¢ 180.0 ~ ALF
GO 10 945
IF t TMY ) 932, 934¢ 936 .
THETA = + 90,0
GO 10 94%
THETA = 0,0

G0 T0 949

THETA = = 90,0

GO TO 945 ‘ .

ALF = TMY / BMP

ALF s ATAN { ALF ) ® 57,29%78
ALF = DATAN { ALF )} & 87,29578
THETA s=ALF

Ceeme=CLUCKNISE ANULES ARE NEGATIVE -

949

P48 PRINT 47 » ISTAs JSTA H(l)J)oD“X(loJ)olHY(loJ)'T“X v REACT,

BETA = 0.5 * THETA

SIGLU = PSMAX ® SDT2

PSIGOL]+J) = S1GO
1F { [OPB.MNE,LD ) GO 10 948
IF U ISTALEQ.(MX/2) oAs JSTALEQ.(MY/2) ’
60 10 955

GO T0 948

) S 51G0. 8ETA
958 CONTINUE
%0 CONTINVE

PRINT &

PRINT 40, SOM
PRINT So9 SUMR
IF { NCT3 ) 9980, 985, 970
970 CONTINVE

C
Cov=e= OUTPUT TARLE ¢
< .

PRINT 11}

PRINTY )
PRIKT 13, ( ANY(1)y Lol A0 )
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10S$E9
150¢7
108F9CnC
310C91pPY
150€7
150€7

150E7
10S€9
15DE7
1%0€7
180E7
10869
108E9CNC
170C91av
105k
105£9
15067
10SE9
150€7
108€9
10SE9
1SDET
150€7
1%0€7
10819
150€7
108€9
108£9¢CnC
170CO LA
10SE9

150€7
150E7
26JE0
17AGC
17aGC
17AGO
O8DE?

© 140E7

118€7
O09AG?
1TAGO
17AGO
120€7
26JEC
26JE0

24 SE9
245F9
170C9




P

V= B g W g

A e B e s SR AT e AN €

¢

972
973
5
9980

9990
2999

PRINT 164 NPROBy ¢ AN2(IDe I = Jy 18 )

IF ¢ ML
PRINT 63
PRINT &5

) 972, 971y ST

GO 10 973
PRINT 644 KPROB

PRINT 45
CONT [NUE

CALL SLPLY
CUNTINVE

CALL TIC TOC

( Wo BMXs BMYs PSIGOs L1y 02» IPOPy 1)

(&)

60 10 1010

PRINT 9¢
CONTINUE
CUNTINUE

PRINY 11

PRINT )

PRINT 134 { ANLIN)s N = 1o 40 )

CALL TIC TOC
PRINT 19
END

(2)

170CY
26200
26JE0
04NO9
28JF0
26JE0Q

ANOY
26JE0
26JE0
28Jt0
25SE6
26AG)
29NO7
19MRS
04MY)

OMY3
214L7
170C9
26S5¢€6
26AG3




SUBRVUTINE MATRIX ( L1oJIoMXPI MY GAA DR oCCoCDIEoFFoAgAM], 29N0O7
1 AM2 o0 oB%1 s AM24C o ClHL o CM24DWE oML ) 19a°8
C DOUBLLE PRICISION ANy B3y CJy DDy ECs FFe Ay AMLl, AM2, B, BM1, DBM2,160C912""
C 1 Co CMly CM2y Oy E 160C9 12
DIMENSIUN AA (L1e1) B0 (L1e3) CC (L1+8%)y 030A8
2 DD tL1e3) o EE (Lisl) o FF (L1es1)y 19APR .
k] A Wlel) AMI{LYe1) AM2ILYI 1) 26NO7
4 B (L1isL1) » BMIILIHLL) BM2(L1sL11 +20N07
5 C (LYsl]) » CHltLloll) CM2UL1sL1) »29MND7
6 DI(L1IsLY) Eitlsl1} 26JA8
C
C“""“TESY FOR AULTIPLE LOADING, IF OFFSPRINGs RETRIEVE D AND £
RECURSION “MULTIPLIERS FROM TAPE 2
C
IFL ML ) 500, 5204 520 200C7
SU0 READ (23 (8 DUIsK) o E(I4K) 2 1= 14MXP3) » Ks 1,MXP3 ) 200C7
* GO 10 9%0 200C?
4
Coe===CUNPYTE RCCURSION MULTIPLIER €
520 CALL MATMY] (L1 o MXP3 4 MXP3 4, AA 4 B8M2 4 E) 29N07
CALL MATAL (L1 o MXP3 4 C 4, BB ¢ E) 29N07
C
Creo==aeCQumPUTE RECURSION MULTIPLIER <=1/09 C USED AS A TEMPORARY
CALL MATMPY (L) , MXP3 » MXP3 , E o BM] 4 D) . 29M07
CALL MATMY] (LY o MXP3 +» MXP3 4 AA 4 CM2 4 C ) 29NO7
DO 53% X = 1, MXP) . 21007
DO 530 1 s Ly MXP) 214L7
DUIeK) = =~ Dilok) ~ CL1oK) 01DE?
$30 + CONTINUE aMY?
533 CONTINUVE 22J€E7
CALL MATS2 (Lle MXP3y Ds CCo D} 29N07
C
Co====COMPYTE RECURSION MULTIPLIER D
CALL INVRS Dy Lls MXP3,y JJ ) 19APS
Come==COMPJUTE RECURSION CUEFFICIENT C
CALL MATM2 (L1 4 MXP3 4 D o EE ¢+ C ) 2SN07
Crerm=CUMPUTE RCCURSION CUEFFICIENT By NOW USING BM2 AS A TEMPORARY
CALL MATMPY (L) o MXP3 ¢ MXP3 4 E o CM1 ¢ B ) 29NO7
CALL MATAL tL1 4 MXP3 4 B o+ DD o+ 8M2) 21CE7
CALL MATMPY (L1 o MXP3 o+ MXPY 4 D o B8M2 4 B ) 21DE7
Co====CUMPJTE RECURSION COLFFICIENT Ay EE USED AS A TEMPORARY
930 CALL MATMPY (L1 o MXP3 o ) o E o AM1y A ) . 29NOT
CALL MATMYL (L1 o MXP3 s 1 o AA + AM2y EE ) 02JA8
DL S6u I = 1o MXP) 210L7
EECLol) = ALLal) ¢ EE (1)) ~ FF(1s1) 300C9
560 CUNTINUE 0AMY? .
CALL MATHPY (L] o MXP3 + 1 o 0 » EE oA ) 02JA8
RETURM 8AG?
END SAG?

T e A A At . o < o e




P

PR

S0

60

100

1v0
vy
30

SUSKUUTINE MATMYL (M1 + L2 o L » X o ¥ o 2}

VOUBLE PRECISION Xy Yo 2
DIRENSIUN X (MEe1) o 2UIMYIIL) o YIM]HLY
00 200 1 =1 o L2
VO 100 J = 14t
ZUloJ) » Xtloel) ® Y(1eJ)
CONTINUE
CONTINUE
RETURNK
END

SUBRUUTINE MATAL (M1l o L2 9 2 9o X3 o Y)
DOVBLE PRECISION X349 24 Y *
DIMENSION X3(M1,e31s ZUMLsML)e YIMIoM])
MML & L2 -1
00 60 1 =1 o L2
00 50 J = 1 o L2
Yiled) = 2(1+J)

CONTINUE
CONT INVE ,
00 100 | = 2, MM}
Yilel=1) = YU(lsl=1) + X3(1,1)
Yilol) = Y{lsl) &+ X3(142)
Y(Iel41) = Y(Lel4l) ¢ X3(1e3)
CONTINUE
Y(lel) = Y(19l) + X3(1,2)
Y(192) = Y(1:2) 4 X311,3)
VEL2oL2=1) = Y(L2oL2=1) + X3{L 2,1}
Y(LZeL2) = YIL24L2) ¢ X3(LZs2)
RETURN .
€ND

SUBRUUTINE MATMPY (M1 o L2 o L oX o ¥ v 2)

OUUBLE PRECISION Xy Yoy 2
DIMENSION XiM1aM1) e YIMISL Jo 2(M1sL )
D0 300 1 =1 o L2
DO 200 M = 1L
Z(1sM) = 0.0
00 100 X =1 4 L2

ZUToM) 8 XEL oK) & YIK4M) ¢ 2(] V)

CONT INUE
COUNTINUE
CUNTINUE

RETURN

€N
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2%4L7
160C91n:”
031JAR
194P%
13JL7
03JAA
13007
19AP8
13007
13JL7

237
}60Co 12
1307
254L7
19.\P8
25417
130U7
13L7
19AP8
13JL7
137
13L7
13407
1317
13JL7
13JL7
25007
25JL7
13JL7

-134L7

25JL7
160CS 1M
21Jr7
19APSR
19AP8
21JE7
25JL7
27JE?
27JF7
19APS
19AP8
27JE7
27JE7

L v—




SUGRUUTINE MATSZ (LY 2 1] o 2 o X3 o Y) JIONO7?
C LOYLLE PRELISION 2 X230 Y . 160C9 19"
DIMENSIUN X21L1,45) o 2ULLIsLE) & YILLLLYD 2507
MH2 = 1K) - 2 130L7
D0 100 1 = 3, MM2 13007
YOlel=2) = Zt1el=2) = X3{1,1) 30N07
YElel=1de= 201si-11 - X3(1,2) 30NO7
Yilel) = 20100} - X3(143) 30NO?
Yilolel) = 201ol41) =~ X3(1 o4} IUNO?
Yile142) = 2t14142) - X3(1,9%) 30ONO7
100 CONTINUE 13007
Y(loel) = Z2(141) = X3(1,43} 30N07
Yiie2) = 2(142) = X3(140} 30NO7
Yile3) = Zi1e3) ~ X315} 30NO7
Yi2e1) = Z{241) - X3(2+2) 30NO7
Y(202) = 2§2+2) = X31243) 30NO7
Y(203) = 2(2+3) ~ X3(2,4) ' 30K07
Yl2e4) = 2(244) - X3(245) . 30NO?
Y{M1=-]14M1=3) = 2(M1-1oMI=3) = X3(M1-1,]) A0NOT
YIML=]1,M1=2) = 2(M]-14M1~2) = X3({MY=1,2) 30NOY
YIMI=1,11=1) = Z(M1-1,M1=1) = X3(¥1-142) 10807
Y(HALI=1oM1) 2 Z2(M1=1:M1) = XI(Ml=1,4) 30NOT7
YIMIoMLI=2) = 2(M1aM1-2) =~ X3(M)ol) . 30NO?
YIMLsMI-1) = Z(ML4M1=1) = X3(M],2) 30NOT?
Y(MloMl) = 2(H14M1) ~ XI{NM1,43) . 30NO?
RETURN o 13007
END o 13007
-QUBRUUTINE EHVRS t Ay L1l L2y JJ ) 19APS
DOUBLE PRECISION Ay Sy S2 160Co TP
DIMENIIUN  AtLL4LL)D . 25JA8
20 FURMAT (7//28H NO [INVERSE EXISTS Jdsg 15 o 10H A(leJd) = ) 300C9
30 FURMAT ( 1Xe1CEL1043 ) 100C7
31 FORMAT (/7 5CH NOTEs THIS JS USUALLY OUE TO AN ILL-DEFINED OR 31AG0
3 / S2H INSTABLE STRUCTURE - CHECK YOUR INPUT FOR 31AGO
2 /7 52K ERRORS, (BEWARE WHEN MODELING CRACKS THAT 31AGO
3 7/ 92H THE STIFFNESS AT THE CRACK !5 GREATER THAN 31AGO
. !/ 52H ZEROY - ALSO THIS WILL HAPPEN IF THE SLAB  31AGO
5 _ ! sin HAS BUCKLED DUE 1O EXCESSIVF AXIAL THRUST )3]1AGD
EP = 1,0E-10 210€7
DO 185 ! = ) 4 L2 200C7
KK = ] + ] : 200C7?
IF ¢ AOSIALL1) ) ~ EP ) 990y 990, 350 19AP8COC
IF { DABS{ALL+l) )} - EP ) 990, 990y 150 300C91pY
150 S =17/ All1} 200C?
DO 160 J = 1, L2 25JAN
Alled) = AtlsJ) & 8 200C7
160 CONT JRUE . 200C?
Allel) o & 25JA8
DO 180 4 s ) , L2 200CT
IF ¢ J-1 ) 170y 180s 170 200C7
170 $2 * AtJs}) 200C7
66




" AlJdyl) w 0.0
DO 175 K = 3, L2
AlJoK) = ALJUIK) ~ S2 # A(],K
178 CONT INVE ' e
e T T80 TCORYTNUE
185 CUNT INUE
RETURM
a 990 PRINT 20, Ju
PRINT 3uy (1 ALl 4J)s JI31,L2) I=1, L
PRINT 3 e ’ s 121y L2
END

. e

SUBROUTINE MATM2 (M) L2 A4 X
C g?g:LE PRECISION X, Y, 2 ' ' '
NSION  X(M1,1) o Z(M]4M1) Y(M M
00 200 [ =« | 4 L2 ' ' te MO
D0 100 J =] , L2 '
ZUlod) = X(Jol) ® Yi],J
100 CONT I NUE ' e
200 CONT INnUE
REIJURN
£
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23UA8
23R8
200C?
200C7
200C7
200C?
200C7
10JA8
«25JAR
31AGO
260C?

25JL7
180091 av
03JA8
19AP8
2547
03JAs
13407
19apP8
13017
13017
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SULRVLUTINE TIC T10C (J) 24076
<
C-==~=THIS ROUTINE S SPECIFICALLY FUR THE CDC660C. WHEN USING THE

C 18M360/50 SYSTEM THE INDICATED I1DM CARDS WILL CALL THE SUBROUTINRE
< PRTIME 10 PRINTOUT THE REQUIRED TIME,
<
Cm==== TIC TUC (1) = COMPILE TIME 200€E7
< TIC TOC (27 s ELAPSED TM TIME 300C9
4 TIC TUC 13) = TYLME FUR THIS PRABLEM' 200¢€7
C TIC TuC (&) s  TIME FUR THIS PROBLEM AKLD ELAPSED TH TIWME 300C9
U FURMATI//7730X19MELAPSED TIVE = I5¢8H MIRUTESFI.3 48K SECONDS ) 31AGC
10 FURMAT (/7773 X19HCUREILE SIME = 41548H MIKUTESF9a348H SFCORDS ) 255f6
12 FORMAT(//732X26HTI'E FOR THIS PROBLENM 5 o1548H MINUTESF9a3s 255F6
1 8H SECONDS ) 25SE6
1 ¢g-2 21JY7
1F t 1-) ) &0s 30. 30 219y
3 Fla w g ?5SF6
40 CALL SECOND (F) . 25 SE6CNC
C 40 CALL PRTIME . 300C9 1AV
C GO 10 990 100C9 1w
1l = F 2%5€6
il = 11}y 7 s0C 29SE8
Fi2 » F - 11980 * 25SE6
§F € 1 ) %0, 70+ 60 26J0L7
50 PRINT 11, 114 Fl2 21Jy7
w0 T0 99u 255€6
[ ] FI3 a .= ¥l : 258€E6
{2 = F13 7 60 255E8
FI13 = FI3 ~ 12080 285F86
PRINT 12y 12, FI3 . 25SE6
IF ( 1~1 ) 99C,y 990, 70 21Jv?
. 70 PRINY lu,y 1}, F12 . 233Y7
990 CONT INUE 0§ 5E7
RETURN 28SF6
€nd 25sts
68
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SUBRUUTINE PLOP ¢ Uy L1y L2+ RCTHs KCT7. X, MY ) 26JED

€ - = = = THlS SUBROUTINE ACCEPTS SPECIAL LOAD YATTERKS AND THEIR 18AG0

PLACEMXLNTS, AND GEM_‘RAXQS THE APPROPRIATE LOAD VALUFS FCR 18AGO

SULUTIUN UBY THE mAlN PHOGRAN, 18AGD

UIMENSIUN IN16: 94121 JNI6( 99121y QP 9,121, NO(D)s Q(L14L2),  25JEO

1 INITS 7)o JN1TC 7Y 286JE0

DATA QP / 108 *%0.0 / D7SEOQ

U FURMAT ( 242X 12y 2X 2413 ) 26JE0

61 FURMAT ( 8X 12F6,9 ) 26JC2

646 FURMAT ( SXSOH PATTERK  NUM OF PATTERN COORDINATES °ND 17A4G0

1 30H CONCENTRATED LCaDS 26uc0

2 /s 5% SOH  NUM LOADS ) 4 Y X Y X Y b 4 17AGH

3 30H Y X Y X Y 18AG60

4 7 26X 10HREFERENCE ) 17AGO

6% FORMAT ( /5X150+ SX l4e 4X 6 18, 16 } ) 17AG0

66 FORMAT (| 23X &( 3X F6.0 ) !} 03JL0

67 FORMAT { 26X 6( [3+1Xs13 ) ) 26JE0

TuU FURMAT { //50H TABLE T. PLACEMENTS OF SPECIAL LOAD PATTERNS /)117AGC

71 FORMAT 1 1615 ) 26JL0

T2 FORMAT ( 211Gy 1X 70 18,14 ) ) 26.JED

74 FURMAT (  SOH PATTEPN  NuM OF LOCATIOM OF REFE 17,60

1 30HRENCE LOAD (SLAB COORDINATES) ’ 17AG0

2 SOH NUM  PLACEMENTS X Y X v X v 17AGO

3 3%H X Y X v X Y X Y /7 ) 26JEN

80 FORMAT (///50M NUM OF WHEEL LOADS APPLIED TO THE SLAR = 17AGO

I SRV 50H SUM OF WHEEL LOADS APPLIED TO THE SLAR = 26JE0

2 EL0.3, 7/ SOH ~NUM OF WHEEL LOADS PLACED OUTSIDE StLAP = 17AGN

3 1luey SOH SUM OF WHEEL LOADS PLACED OUTSIOE SLAR = 26JEG

4 Elued ) 286JEO

PRINT 64 . 26JE0

IF { NCT6,EQ.Y ) GO T0 11% 073E0

NCT6D2 = NCT6 7 2 28JF0

DO 110 N = 1, NCT&D2 07SEC

READ 6309 NPy NL, (  INlo(NPsJ)y JINLIGIKPJ)s J = 1, NL ) 26JEQ

NOINP) « NL : 26JEO

READ 614 { QP{NP,1)s 1 = 1y NL } ' 26JE0

IF ¢ NL .GE, 12} GO YO 110 07SEC

NLP]L = NL + 1 07SFC

. D0 100 1 = NLP1, 12 07SED

100 QP (NP,1) 3 0.0 07SED

110 CONT INVE 07S€0

11% DU 150G NP = 1, 9 075€0

DO 120 I = 1y 12 07SED

IF ( QPINP 1) LEQ. O« ) GO 10 120 07SE0

NL = NOINP) 07SEC

GO TO 122 07SEC

120 CONTIRUE 07SED

60 10 15¢C 07SE0

122 IF { NL.GT,6 ) GO 10 140 07SED

PRINT 654 NPy KLy { INIGINFJ)y JAYGIND G JYy J = 14 RL ) 28350

PRINT 66, ( UP[{NPyI)}e | » 14 NL } 26JED

GO 10 150 26JE0

160 PRINT 65, Py ki, ( JINYEINPoJ1, INIGINP W JYy J & 14 6 ) 26JEO

PRINT 66y ( QP(NPsI), | v 14 6 ) 26JE0

PRINY 67¢ t INIGINDP WUy JNIGINPJYy J & T4 NL ) 26JED
PRINT 669 ¢ QPINPolYIy | o Ty NL ) 26JED .

69
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150 CONTINCE 2650
155% QPSUM = 0,0 31AGE
QPOSUM = 0,.C 26JeC
Lap = 9 26JF0
. LOPO = 0 26JC0
PRINT TV 26JEC
PRINT 74 26JE0
VO 300 N = 1+ NCTY . 26J€E0
READ 719 WPy NSPy ( INLTUL)JINIT(I)s 1 = 19 NSP ) 26JE0
PRINT T2oNPy NSPy { INLTUE) oI T(E)y | = 1y NSP ) 28JE0
NL = NQ(NP) 26JEQ
00 290 IP = 1, NSP 29JF0
DO 283 IL = 1y NL 29JE0
I 5 INIGINPLIL) + INIT(IP) 18AGO
J = JNIGINP,LIL) + UNLT(1IP) 18AGO
- IF £ JoLTa0 06 1aGTeMX 200 JolTe0 o0c JoGTeMY ) GO TO 260 29JEC
' 1 =14+2 ) 18AG0
Js )+ 2 , 18AG0O
OPSUM = QPSUM + OP (NP, IL) 29JEO

LOP = LGP ¢ ) ' . 26JF0 1
QlleJ) = QlleJ) + QPINPcIL) 29JE0
GO 70 280 26JEQ
260 CPOSUM = QPUSUM + GPINP,IL) 29JEO
LOPO = LGPO + } . 26JE0
200 CONTINUVE . 26JEQ
290 CONTINUE . 286JE0
300 CONTINUE . 26JF0
PRINT ¢uU, LGP, OPSW, LOPO, CPUSUM . \ 26JED
RETURN . 26JED
END 26450
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SUBRUUTINC CUPS ( CHy DXo DYe So L3e L2 )

20550
COMMUN 7 CUPS ¢ EMe SKKy [OPDy ICPCe 10PS, MXy HY 17AG”
C = == = THIS SUBROUTINE GENTRATCS THE OPTIONAL PAVEMENT STIFFNESS 18AGO
C CUNSTANTS, APPROPRIATE GUARTER AMD HALF VALUES ARF 18AGe
< GENERATED AT THE EDGES. 10AG)
COMMUN 7 SPLT /7 Ml MYs THKs NCT3e NDEs PR 28JE0
DINENRSIUN DX(LLoL2)y DY(LLIIL2)y CHILIWL2)s STLLsL2) 26 JE0
40 FURMAT ( 7 %0H TABLE &+ ( CONTD ) COMPUTED OPTIONAL PAVEMENT [BAGO
1 15H STIFFNESSES 18AG)
2 /7 3TH FROM  THRU ox . oY 18AGO
3 10X 254 S 4 07sEC
& /7 X SH} 1 1301492X2H0eOX2H020X2r0.8XF10e 3 18AGO
5 /7 1™ SHO O I3el4ys 2E1143¢ 11X Elle3y 4H O,
6 /7 SHY 0 3016 2€11e3s 11X EXle3s aH O 18AGO
T /7OMX SHO 1 13¢140 2E11.30 11X Elle3s 4H Co 184G
s /7 M SH1 1 13060 2E11430 11X E11e3y 4H Qo ) 18AGC
DXGO& = 0,0 26JE0
$GO4 = 0.0 26JE0
CHGEN = 0,0 26J€0
MYPL = MY 4 } 26JEO
HYP2 = MY ¢ 2 26JE0
MAP2 = MX + 2 26JE0
MXPL = MX ¢ } 26JE0
MXM]l = MX - ] 26J%0 .
MYM] s MY - ) 26JED
IF ( 10PD.NE.L ! GO T0 110 P 03JLO
OXGEN s ( EM ® THKS®3 ) / ( 12,°% { 1. =~ PR*PR ) ’ 26JE0
. OXGO4 = DXGEN & ,28 26JE0
1v0 IF ( 10PC.NE,L ! GO0 70 110 26JE0
- CHGEN » OXGEN & ( 1, ~ PR ) . 26JEO
110 IF ( JOPS.NE.} !} G0 T0 200 26JEO
$SGOA = SKK & HX & HY & .28 :26JE0
200 PRINT 409 MYy MYy CHGENy MX oMY, DXGOWN, DXGOQ. $GOs 26JE0
1 0 MXM1, MYy DXGO&s DXGO4y $SGOA 26JE0
b ' ’ MXs MYM1y DXGO&e DXGOAy» SGOA 26JE0
3 o MXM1, MYMly OXGO&s OXGOA, SGOA 26JE0
IF ( 10PC.NE,L ) GO 10 300 "26JE0
00 2%50 1 = 3, MXP2 . . deJFO
. DO 250 J = 3, MYP2 26JEO
250 CH{leJ) = CH{loJ) + CHGEN 26JE0
300 CONTINUVE 26JE0
_-D0 310 1 = 24 MXP2 . . 20JEC
00 310 J = 2, MYP2 . 26JE0
OX(leJ) = OX{}eJ) + DXGOA 28JE0
OY(IeJ) = DY(]sJ) ¢ DXGOS 26J€0
310 $(1eJd) = SUIeJ) ¢ SGOG 24J€0
00 320 1 = 3¢ MXP] . 26JE0O
00O 320 J = 24 MYP2 26J%0
DX(3sJ) = DX(]sJ) ¢ DXGOA 26JED
DY¢lsd) s DYl ed) + DXGOA 26500
320 StleJd) = S(1eJ) & SGOA 2%J€0
00 340 1 = 24 MXP2 e - * 26JF0
D0 340 U s 3, MYP) ) . 20JF0
OXiled) = DX(1vJ) + DXGOA 26JE0
DY(1eJ) = OY(1eJ) + ONGOA 26J€0
340 $01¢J) s SUIsJ) ¢ SGOA 26J0
)|
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20 350 1 = 30 MXP)
00 350 J = 3, MYP]
DXilesd) = DX(1eJ) ¢ OXCOS
. DY(led) = OY(Led) ¢ OXGOA
350 - St1ed) w StleJd) 4+ SGO4 e
RETURN .
END

SUBRUUTINE 2071 ( XXo» YYo NEND, 10 ) .
€ = = ~ THIS ROUTINE ¢ WHEN ACTIVATED ) CRIVES A CALCOMP 763
C IF YOU HAVE A 763 AND OESIRE THE USE OF THIS ROUTINE
(4 CONTACT FRANK L ENDRES o+ AUSTIN RESEARCH ENGINEERS INC.
< 3128 MANOR RD, AUSTINe TEX T872%

RETURN .
(T

SUBRUUTINE SPLTD2 ( KEYe NENDy Xo OUM )

DIMENSIUN XINEND)» DUM(L)

COMMUN /PLOT/ J1o 120 J1e J2

‘ IF ( KEY,EQ,1 ) CALL SPLOTS ( Xy NENDy DUV )

IF ( KEY.EQ.2 ) CALL SPLOT4 ( Xo DUM» NEND )
RETURN

14, .

7

26JE0
26J¢0

26J60 -

26JEC
26JE0
26J¢F0
26JE0

20JE0

o2J¢0
02J¢0
25N09
18N09
18N09
150CY
150K
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SUBRGUTINE SLPLT ( We BNXy BMYy SIGOe L1e L2¢ TPOPy IC § 02J€0
CUAMUN 7 20T 7 LOPe MCoe IPOLL, MCP 19JE0COC
1 CUMAUN 7/ SPLT /7 KXo MYy THKe NCT3¢ ANDE, PRy SOM 31IAGO
3 COMMUN /PLOT/ 119 120 J10 J2 29Mv0
; DIMENSIUN  1/413¢C 10 )s IN23¢ 10 3o JIN1I3C 10 1y JN23L 10 ) 1§ 4 [
1 KASEW(10} o KASEX(10) o KASEY{10) o KASEP(10) » 129ve
2 * 2 TEMX (€001 ¢ TEMY (300)¢ XX(33C) 19J¢0
3 WELIoL2) o BMX(LISL2)e BMYILIWL2)e SIGOILLSLYY iMy0
i ODATA 1D1s 102s 1039 104 /LIUHDEFLECTION, 10HEBEND MOM X4 15JE80CnC
: 1 JOHBEND MOM Y, 10H SI1GO / 15JE0CNC
- &6 FORMAT (5Xs 20IXel201X9131022%X0E12.3) 230CTCDC
56 FORMAT ( 40 2X« I3 )y & &Xo 11 ) ) 20AP0
ST FURMAT ( 50 20 1Xe 120 1Xe 13 0 6Xo 124 11Xe 120 2111%412) ) 20AP0
65 FURMAT 17/77+15Xe26HX MUMENTS ONLYs BETHEEN +13e1Hes 1%, OSNOY
3 1 8H ) AND ( o130 LHee1342H ) o 11ty 26809
1 2 30K R o ¥ X MUMENT v/ ) 25400
66 FORMAT ({ 15X+ 12s 1Xe 13, 1CXe E1C.3 ) 238F9CnC
C 66 FORMAT ( 15Xs 12+ 1Xo 13+ 310Xy 1PEL0.Y ) 170CoIAM
67T FORMAT (//7/7015%026HY MOMENTS UNLYs BETWEEN s13¢1He 0130 OSNOY
3 1 8H ) AND ( o139 lHeol%:2H ) v 117y , 26N0Y
2 30H T X 9 Y Y HUMEM o/ ) INOY
68 FURMAT ( 15Xs 120 1Xo 130 1UXe €3043 ) , 238€9C0C
C 68 FURMAT ( 15Xs 12+ 1Xo 03¢ 310Xy 1PEL0.Y ) 170Co 1IN
69 FORMAT (///7+15X+32HBOTH X AND Y MOMENTS, NETWEEN ¢ +38¢ OSNOY
1 1Hoo 130 8H 1 AND ( o139 1Heel3y 2N ) Y21 20809
‘ 2 22 X o Y X MOMENT 4 28Xs 10H Y MOMENT .o/ )  26NO?
T4 FORMAT  15Xe 12¢ 1Xo 13+ 1CXe EICe3¢ X9 €1043 ) 300C9CnNC
C 74 FORMAT ¢ 15Xy 124 1Xo 03¢ 1CXs 1PELO.3¢ 3Xs 1PE10.) ) 300Co 1oV
86 FORMAT 1/7/7/+15%926HDEFLECTIONS,y BETWEEN ] o1301Me o190 20APO
! SH ) AND § o130 1Hee1392H ) v 121 20aP0
2 QH X o ¥ DEFLECTION o/ ? 20AP0
SY FORMAT (/7/415Xs1CHPRINCIPAL AQoI6HESs CETWEEN . +130 31AGH
)} IHeol3s 8K ) AND ( 413 lNocl)o 2N ) Y21 27APD
; 2 1M XY Ab o/ ) 31AG0
90 FORMAT (/7 4SH ‘4899 CAUTION. TOTAL NUNBSR OF SPIICIFIED 03SMRO
S | JOH POINTS IS o 13 /o 0SMRO
F AON SHOULD NOT BE GREATER THAN 300 Y24 OSMR(
IF ( 1C.NE.O ) GO ¢ 800 12MY0
_00 100 1 =3, 300 . 19J€0CNC
XXti) = § -} 15JEnCNC
100 CONTINVE _ 15JE0CNC
LopP = -} ) 18J€0CNC
- M = 30 18JEOCNC
IROLL » ) 18J80CNC .
MOP = 0 - ) 18JEOCOC
4 ' ) 12NY0
Co==== INPUT TABLE 3 .. .
< 124v0
DO 175 N s 1y NCT)Y 1MY0
READ 564 INLIint) s JNI3UIN)s IN23(NYe JN23INY, KASEWIN) . KASEXINY o 20AP0
P 1 KASEYIN) o KASEP(N) 20A°0
i PRINT 579 INISINYs INII(N)y IN23(IN), JN23IN), KO‘CV!N!» KASEX(N),» 20AP0
i 3 KASEY(N) o KASEP(N} 20AP0
NEND = (IN23(N)- iNl’(N)Ol”(JN?’CN)’JN‘3(N’03) . OSMRO
IF ¢ INIIIR) = IN2IIN) ) 194y 194, 199 020Ce

NDE = NDE ¢ ) 20889

PA)




154 UF ( Je13CNY = JN23IN) ) 186 1966 199 208F9
198 NOE = NDE ¢ ) . . 24SE9
156 IF ( IN23(N) = BX ) 158 188, 157 245¢9
187 NOE & NOE ¢ 1 24589
156 IF ( IN23UN) = MY ) 1609 160 199 248E9
199 NOE = ND§ ¢ 1 ‘ 24869 .
! 160 IF ( RASEXIND = 1 ) 162 162+ 161 090C9
, 161 NOE = NDE ¢ 1 090C9
’; 162 IF ( RASEY(N) = 1 ) 164¢ 1640 163 090C9
; 163 NOE = NDE ¢ 1} 090Ce
! 164 IF { RASEW(NY = 1 ) 1660 1660 169% 20aPn
169 NOE « NDE ¢ 1 20APO
166 IF ( KASEP(N) = 1 ) 168+ 168, 187 20AP0
167 NOE = NDE ¢ 1 20APO
168 1F (¢ NEND = 300 ) 174 174, 17) 20AP0
173 NOE = NOE ¢ ) 20AP0
PRINT 90, NEND o OSNRO
174 CONT INUE . 20APO
179 CONTEMUE 20APO
GO 10 9000 . 1avv0
<
: 800 CONT INUE . 13J¢0
- 1F ¢ 1POP,E0.3 MOP = 3 15JE0CNC
1P0P o jPOP - 1 .- 20MY0
00 638 N s 1, KCTS ) 20MY0
IF ( RASEWIN) = 1 ) 0180 802+ 9900 . 201y0
BU2 PRINT 860 INISINIs JNISIN), INZIIND, .msm 20MY0
11 o (NIDEIN) ¢+ 2 . 20AP0
- 12 & IN23INY ¢ 2 : , 20AP0
Jl & JNISINY + 2 Lt ‘ 20APO
J2 & JN2I(IN) ¢ 2 20AP0
NEND o ([2-1141)9(J2=J1+1) . 20APO
Keo . 20APO !
u ( 192J1)=L1211) ) 604, 804, 808 - 20MY0 :
[Ty 00 806 J s Jls J2 20MvC
00 806 1 s J)o 12 . 20MY0
Keskei 20AP0
"TEMRIK) » Wilod) 20AP0
' [TITY CONTINVE . 20MY0
60 10 012 . . . 20My9
: 008 D0 810 1s 13, 12 o 20MY0
. 00 010 J « Jls J2 20MY0
' Kes kel 20AP0
; : TEMX(K) = Wilod) "o 20APO
\ 810 CONY JNUE ) . : 20MY0
' el2 1F ( 1POP ) o14s 016, 810 20MY0
' 814 CALL SPLTD2 {14 NENDs TEMXe 20, ? 23MY0
. o T0 ¢3¢ . 20MY0 .
816 . CONTINGE . 135JF0
10 = 101 18JE0CNC
CALL 207 1 | XX, TEMX, NENDe 80, ) 18JE0CNC
W2 = NEND ¢ 2 , ) 19420 ‘ .
00 057 | o §, NP2 19J¢9 3
Y 2Rty o § = ) - 190¢0 ;
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1F ¢ 1POP.EQ.L ! G0 10 814 20Mv0

; sls CONT JRUE " 20Mve
~ : 820 CUNTINVE 20MY0
: . DU 08V N = 19 NCTS 03N0Y i
; IF ¢ KASEX(N) ® KASEYIN) ~ 1 ) 824, 822, 9980 208y0 ,
¢ 822 PRINT 69 lNl!(Mo JINLSUIehs IN23EN) JN23IN) . 20MY0 i
: GV T0 832 204v0 i
< 824 IF ( KASEXINY = 3 )} 828, 826+ 9980 20My0 !
H 826 PRINTY 65, IN13(N)e JNIS{NIe IN23(N)s JN23IN) 20Mv0 !
s £ . G0 10 832 , 20v0 ;
i a8 IF  KASEY(N) = 1 ) 880, 830+ 9980 20My0 i
830 PRINT 674 INIS(H)e JNLI(N)y IN2SINYy JN23IN) 20MY0 :
832 CONTINUE 20My0 :
11 = IN13IND + 2 248F9 :
J1 = UNISINY ¢ 2 245¢9 §
12 & IN23(N) 4+ 2 24309 {
J2 = JN23UIN) ¢ 2 24389 !
neno s (12-11+100(J2=J1+1) 11N09 !
. Ko 25M09 ;
o0 836 .: s J1e J2 i 20MY0 !
00 83 I = Ils 12 . 20MY0 :
KesKel . 25809 i
TEMKIK) = BMX(1¢J) , 29M09 {
TENY(K) & BMY(IeJ) 2IN0Y i
(313 CONTINUE — 20MY0 i
%6 CONTINVE 20MY0
) IF ¢ 1POP ) 838, 863, 865 23Mv0
(37 IF { KASEX(N) ® KASEYIN) = 1 ) 842 uo. 9980 208Y0
840 CALL SPLTD2 ¢ 24 NENDo TEMXs TEMY ) 29MY0
G0 70 880 29MY0
TV R IF § RASEX(HY = 1 ) B6bsy 843, 9980 ¢ 20MY0
843 CALL SPLTD2 ¢ 14 NENDy TEMXe 20. ) : . 29MY0
60 10 880 . 29%V0
CTYY IF ¢ KASEYIN) = 1 ) 99800 846+ 9980 20MY0
LT IF ¢ (J2-J10-012-11) ) 854¢ 854, S 20MY0
; Y] K0 ) 208y0
HE 00 052 1 v 11y 12 "20MY0
00 850 J s J1y J2 . 20MvQ
, _ - Kekel 12089
! TENYIK) = BRY{] o)) 12089
' 50 CONTINUE 20MY0
2 CONTINUE . 20mY0
634 CALL SPLYD2 ( 1o NENDy TEMYs 20s ) 29NY0
, 856 CONTINVE . 20MY0
) 865 CORT INVE . 150
| §F ¢ KASEX(N)CEO.1 ) 10 = 102 18J20CNC
g JF ¢ KASEX(N)oEQel ) CALL 20T 1 { XXo TEMXe NENDs 1D )  19JEOCHC
; NP2 « NEND ¢ 2 1960
00 070 | = 1o NP2 19060
. 870 XXty s | = 3 190€0
1 o BF 1 RASEVIN)oEULL ) 10 = 103 - . o 18J80CnC
IF ( KASEYINICEQ.3 ) CALL 207 1 ( XxKe TEMY} NENDe 1D}  19JEOCHC
00 872 | = 1o NP3 . : 194€0
. .872 AReI) 0§~ 3 19J€0
17 ¢ 1POP,EO.L ) e 10 038 ' 20%Y0
o0 CONT INVE : ) SN0
!
H H ”
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00 984 N = 1y NCTS
IF ( RASEPIND = 1 ) 984, 861, 9900

881 PRINT 87, SOMs INISENDs JNI(NTo INZENDe JNZSINDs. SOM

11 o INLSIN) ¢ 2
12 = IN23IN} + 2 .
J1 & JNISINY ¢ 2
J2 & JN2EIN) ¢+ 2
‘mco’- (12=1101180J2=J1+]}
.
IF 4 142=J1) = (12=11) } 605.805.887
00 886 J = Jle J2
00 886 1] = 11y 12
Relkel
TEMX(IK) = $1GOt] 0}
CORYINVE - .
60 10 890 ‘
00 888 1 = 11y 12 ) : .
00 088 J = J)e J2 N
Keke
TEMREIKY 3 $1GO(1+J)
CUNT INVE
CONT INUE .
IPOP § 965 970, 970

T LA
963 CALL SPLTDZ ¢ 1o NENDe TEMXe 20. )

60 10 984
70 COMN‘Mt .
. . [ i ¢
. CALL 20T 1 ( XXo TEMXo MENDs 1D )
. NP2 = NEND ¢+ 2
00 972 1 o 1y NP2 Ve
72 .- Akely = § -}
v . 1F L 1P0P,. 20,1 } GO YO 949 N
. 904  CONTIME ' :
: 203 CONTINVE
z V08 RETURN -
900 CONTINUE

18JE0CNC
19JE0CNC
19J¢0
19J¢0
19J¢0
2Myo
F0MY0
20MY0
20MY0

19Mve
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{ SUBRLUTINE SPLOT 3 ( Xo VELD, HIDTH § 10809
C® &8 ¢ IHE LATEST REVISION DAIT +7 THIS ROUTINE 1S. = - 12 DEC 9 REVISED
: DISENSION XINEND)s SPACE(IS)s ZV¥h:te) 100C9
’ COMMON /PLOT/ §14 124 Jle J2 29809
} DATA SPACE / 19%4M 70 SYMB 7 &4H® 41 ® o4H & AN 0 g 100C?
Cooserass THIS RUUTIIE PRINTS AND PLUTS THE NEA. VALLES OF X 100CY
) < GEGINNING WITH THE INFTIAL VALUE TRANSFERRLD. 100C9
; C THE PAPER SHOULD BE PUSITIUNED PROPERLY AKD ALL 100CY
g < HEADINGS PRINTEU BEFORE CALLINGe Fo Ls Eo 100¢9
C *wae  {NPUT - X, THE FURCTION TO BE PLOTTED 100CY
< NENDs THE NUMGER OF X 10 BE PLOTTED .140C9
: c WIDTH, WIDTH OF PLOT! LESS THAK 61 ) 140C9
! C ®ses  LUTPUT- NO ACTUAL VALUES ARE RETURNED TO THE 100C9
; C . CALLING ROUTINE ~ THE VALUES ARE PRINTED 100C9
C AND PLOTTED VERTICALLY, i ' 100¢9
10 FORMAT ¢ SX» 124 1Xo 139 1Xe EX0e3016A4 ) 29M09
19 FORMAT ( SXo121X0s1301X0€10.3 ) 25N09
IF ¢ NEND oLEe. O ) 60 10 990 1n0?
I1F ¢ WIDTH.GTe60e oOR. WIDTH.LT.)e ) WIOTH = €0, 30CY
ISKP & WIDTH / 6 ¢ 1 . 140C9
SYMD. = SYMB(1) 100C9
OMEGA = X{1} 100C9
. . THETA = X(1) 100C9
IF ¢ NEND .EQ¢ 1 ) 60 10 120 . 295009
00 50 1§ s 24 NEND ' . . 100CY
IF ( OMEGAJLY.X(I) ) OMEGA = X(3) 100C9
] IF { THETALGTeX(1) ) THETA = X(1) 100C9
4 30 CONTINVE . 100Ce
' © BF | OMEGALEQ. THETA ) 6 10 60 29409
SIGHA = { WIDTH = 1. ) / ( OMEGA - THETA ) 100¢9
) 60 CONTINVE 25N09Y
: _ IF  (J2-1~12+11) GV, O ) GO TO 150 12069
; ' 10 . 25009
D0 110 48 & Jlo J2 . - 29009
- JSTA & JS ~ 2 ‘ 29009
t : 00 200 IS = 11, 12 . 25809
' ISTA = |8 - 2 . 29009
Isle} . . AN09
IF { OMEGA.EQ. THETA ) 60 10 80 100C9
| "BETA = SIGMA ® { X(1) = THETA ) ¢ 1. © 100C9
10TA & BETA 100C9
3 1F ¢ (BETA - JOTA)eGE.O.5 ) 1OTA » JOTA ¢ ) 100C9
1 ISKP = ¢ J0TA -1 ) 7 & 100CY
3 IR = JOTA -~ & ¢ |SKP : 100CY
1SKP = ISKP & } 100C?
. SYND » SYMB(IR) 100C9
! 80 PRINT 1vo ISTAs JSTAs X(lis ¢ SPACEIL)s Lols ISKP )¢ SYMD 23009
| 100 CONT INVE 25809
110 :gn;i% : 29809
. (] 2509
150 - CONTIMVE - - 120€9
ieo ‘ . 120€9
] 00 219 .1s = 134 82 12089
. ISTA » i85 - . 12009
00 200 J$ *:-J3y N2 . 12000
JSTA & J3 - 2 12009
n

o,




EERER! 25N09

IF ¢ OMEGALEQ.THETA ). 60 Y0 180 120€9
BETA & SIGHA ®& { Xt1) ~ THEYA ) ¢ 1. 100C9
10TA = BETA . 100C9
LF ( (BETA = JOTAI(GEeleS |} fOTA = 10TA ¢ ) 100¢9
ISKP » ¢ 10TA -~ 1 ) /7 & 100C9
+IR = JOTA = & & ISKP 100C9
ISKP s [SKP ¢ 1 . 100C9
SYMD = SYMUBL{IR) 100C9
180 PRIAT 1oy ISTA. JSTA X(1)e § SPACE(L) e Lsls ISKP )¢ SYMD 1209
200 CONTINUE . 120€9°
210 CUNT INUE . 120€9
GO 10 990 . 12DES
120 PRINY 15, 11 Jlo X(1) 25N29
990 RETURN 11809
END SPLOT ) 10MY0
(1 ] . 100Ce
™
\ TGN et I s st
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; SUBRLUTINE SPLOT & ¢ Xo Yo NEND ) 10009
C® e o @ THE LATEST REVISION DATE FUR ThiS ROUTINE IS - = 235 NOV 69 REVISED
DIMEISIUN X(NEND) e YINEND)s SPACE! 8), SYMBIA) 150¢CY
COMHUN /PLUT/ [1s 120 J1y J2 29809 '
OATA SPACE / 8%M Ve SYNS 7 GH® AN ® AN ® J0H & 150CY
Cooens0se THIS RUUTINE ARINTS ARD PLUTS THE NEND VALUES OF X AND Y 100C9
: C WEGINNING WITIt THE INITIAL VALUE TRANSFERRED 100C?
: < THE PAPER SHOULD BE POSITIONED PRO®ERLY AXD ALL 100CY
: C HEADINGS PRINTCL BEFORE CALLINGe Fo Lo Eo 100CY
M C ®ssn  INPUT - X, THE FUNCTICN TC BE FLOTTED 100C9 :
: C Yo TME FUNCTION 10 BE PLOTTED 140CY :
: 4 NEND, THE NUH3ER OF X OR Y TO BE PLOTTED 1640C? t
C sees  QUIPUT- NO ACTUAL VALUES ARE RETURNED 10 THE 100CY
C CALLING ROUTINE - TME VALUES ARE PRINTED 100C9
C AND PLOTTED VERTICALLY. 100CY
10 FORMAT ( SXo 1201XeI301XeE10.34TAGoEIO3TAG ) 2509
15 FORMAT ( SXol2:1X01301XeE2063028X0€1063 ) . 25M09
I1F { NEND JLE. O ? GO TO 990 1809
4 - i = 20 1ONOY
( I« lw /& 160C9
ISKP s Jw /7 & . 140CY
3 1SKP2 s 1SKP 11809
] . ISKPT = & . 14009
ISKPF = JSKP 140CY
SYMD = SYMB(1) 140CY
1 SYND2 = -SYMBIL) - 140CY
: WIDTH = I : 140CY
OMEGA = XR()) 100Ce
- THETA « X(1) _ © 100CY
o 02 = Y1) . 140C9 :
12 = (1) . 140C9 s
§F ¢ NEND .EQ. ) ) 60 10 120 25009 '
00 50 1 = 2, NEND 100CY
I1F ( OMEGALTeX(E) ) OMEGA = X() 100CY :
IF t THETAGGTXIL) ) THETA = x(1) 100CY ;
T 02,LTaY(1) ) 02 » Y1) ) 140CY
TN T2.6T.Y(1) ) 12 = Yil) 140CY
50 CONT INVE . 100CY
. IF ( OMEGALEQ.THETA ) GO 7O 60 29809
'SIGMA s ¢ WIDTH = 1o ) 7 { OMEGA - THETA ) 100CY
60 IF ( 02,£0,72 ) G0 10 10 140CY
$2 s { WIOTH = 1 ) 7 1 02 = 12 ) . 140C9
70 TonTInvE . 295M09
. 1eo . 238N0
00 110 J§ = J1s J2 : 29N09 \
JSTA ¢ JUS - 2 25N0Y i
- D0 100 IS = §1s 12 25009 ;
-, ISTA o §5 - 2 25H09
Pelel 25N09 i
IF { OMEGALEQ.THETA ) 60 10 @80 300CY
4 “‘. - Sl@‘A * ‘ l(“ - ‘*'A ’ L ‘. K - 'e ‘m’
JOTA = BETA N 100Ce
. §F ( (BETA ~ (O0YA)GE.O.Y ) 10TA = J0O7A ¢ ) 100CY -
ISKP o { JOYA - L ) /7 & 100CS -
IR o JOTA - & ® 13KP 100CY
ISKP o 1SKP o | ‘ 1009
4
?
] ”




FYND = SYNBLIR) 100CY

" W 02.80.72 L W 10 %0 . 140CY?
SETA o $2 ¢ { Y1) = 12 ) ¢ ), 150CY

10%A = PETA 140CY

IF & (BETA - JOTAYGLeUoed ) 1074 = 10TA ¢ ) 140CY

ISKPE » 1 10%A ~ ) )} 72 & . 140CS

M e Bra - 4 e 1802 . 340C9

SYMD2 s SYRB(IR) 140CY

ISKP2 o 1SKP2 o+ 1} 140CY

ISKPY ¢ IX ~ ISKP ¢ ) 150C9

90 PRINT J0s 1STAs JSTAG XUEDy (SPACE(R) oK) ISKP)y SYMD 2SNOY
3 o ISPACELIL) oLm )l oISKPT), Y1}, (SPACEIK) oKsls 18KP2)y SYMDY 25NO9
1w CUNT INE 25809
110 CUNT IMUE 25N0Y
& Y0 29 23K09

129 PRINT 315, §1s J1s X{U13, YH)) 29NOY
990 ARETUAN 11809
< CND SMLOY o 19MYD

thd ' 100CY
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COMPUTER RESULTS OF EXAMPLE PROBLEMS

BATA_LISTING
SANPLL PRUDLEMS TO DCIOMNSTPATE PRCGRAN USE - 26 SEPY V0 = JJOFLE AR
CONTRACY DACA 23-7C~C-CCT6 UNITS ARE LAS AND IHCHTS
601K BRIDGE APPROACK SLAB (FROM REF 3¢ SIMILAR PROA IN RgF 1)
o | 3 13 e L) 2 1 1 0 0 0
12 10 2.400E¢J1 2,6CCE+CY 2,500E-01 ‘ocoof’oﬁ 1.0C0€401 0
9 15 12 13 { 1 0 1
4 0 [ 16 0 1 1
0 12 12 16 1 0 0 0 *
0 0 12 16 . =1+900€+02
] 1 12 13 «1.500€+02
1 0 11 16 «1.3%00E+02
1 1 11 15 =109500€+02
0 7 12 7 ~1.7T7€+08
1 7 11 7 «14777€408
¢ ¢ 1) 16=-1,T77€E+08
) 1 é 19=1.77TE+08
o 1] 12 )} 1.000E+3%0
] 7 12 15 . 10800E+04
| 7 11 18 14408408 .
] ? 12 16 1¢440€+406
% 7 9 i 1440E+04
. 1 12 16 .. . ~$.0008+04
b ) 1 11 16 =8.0002404
1 4 0 0 3 0 0 3 3% .
«10000-1L000~19000~-10000 '
F § 2 0 0-3 o . )

=3000 ~$00C
3 2 1 1 | S )
2 1 4 -8
JRS 4=25FT SQ TAXIWAY SLABSe 2 C=5A BOGIES CENTERED ON 23 PERCENT JOINTS
P 1 4 4 0 2 1 1 1 1 1 1
20 28 3.000E+0! 2,150E+01 20000E~01 5,000€+06 1.200E+01 1.250€402

3 8§ 1 22 1 0o o 1

0 20 20 22 1 1 o o A
© 21 20 21 1 1 O o

® 0 9 22 1 0 1 o0
10 0 10 28-2.8126+08

10 1 10 27-2,8126+08

0 14 20 1s -2.812¢408 .
1 18 19 1 . =20812€408

| I | 0 0-2 1-1 111 2 1-1=-2 1=2
0-3u4L00~30000-300Lv0~-30000-30000~30000
| &~ 10 10 10 20
JRE 6‘29'1 SV TAXIWAY SLABS: 2 8-747 BOGIES, 25 PERTENT JOINTS

-1 6 & o0 o0 ‘2 1. o o o R
3 & 11 21 1 o0 o 1 -

o 22 20 22 1 1 o0 O

$ 0 9 20 1 0 1 O

12 0 12 28 1 ©6 1 o

I Y O 0 0 % 32 0 2 01 35 2 1
~41300-413500~419CC~41500-41%500~41500 e .

1 -2 T 12 12 1 -
SACY exs nzc )

0 & 0 0 o 0
] 8 6. 29 0O « 9708 Os
¢ 0 8 o.zstoos 6.25€+09 1.000€+20
I U T 8 0.,625€406 0.625E406 i
© 18 7 0.62%+06 C.625E4C6
1 1 T 7 0.625€406 0.629€+06 -1.Y0cE+20
& & & @ ~1.000F+0%
3 1 s 0 . 1.875F+0¢

- Y O M .




PROGEw,- 3

Sateg b

Cth v «

pans

601+ nu{Dse a=erMUn SLag (FRO4 REF 3¢ SIMILAD PROW IN NEF 1)

|

tals Cr=tu=L=vllv

TABLE 1 CONTROL DATA.

Thsn Lt el AL wELAcAne = gJPer LE
xogep Y A L I L &-_’u)"‘.‘t "!‘0‘!‘}‘“ USL'

wEVISiue VAl 07 SEP 10

- &% SEPT 70 - JUPFLEs A
UNTTS ARE LS AWU [nCHe>

‘. g

muthﬁii L) a=Tad LIF dLANK O 2EAOe PRUH 1S INDEPENDENT =~- ]

15 ole ruathl rus NEAT PRUG == IF «ls AN OFFSPRING PR0O3)

NU4 C2a0S [AOUT ThiS PYROOLEM

TABLE NUMBER
S

2 3 s
1 3 13

CGaPUTE N2TLudaL PAVENENT STIFFNESS CUNS'ANYS' ti=zves)

0PT1un TO >ur<ess Deleliey VUTPUT (1aYES)
- OPTIOR TU wAln) vwld STHESS [NSTEAD OF MOH (1=VES)

TYABLE 2. CONSTANTS —UNITS MUST BE CONSISTENT.

NU4 IRCardeils Tt A DIKECTION
MUY fHCHENenTS In ¥ UINRECTTIUN
INC? Levbln 4N &4 VieECTION
NG LEwGTn fa ¥ VIVECTIUN
“P01S304d <Al

MO US OF elLASTICITY

SLAY TnlCCe sy
SUAGRS )E WhuLYS

TABLE 3. SPRECIFIED AREAS FOR SELECTED PLOTTED OUTRYT.

FRO: Thiy

¢ 1S 12 15
¢ 0 » o
9 12 12 ‘ie

PLoT

Ofre
1
1
1

A1sYES)

K=hUNENT

" TABLE 4. STFPNESS AND LOAD DAYA..

Fofle I

le
1
L 11
1
1¢
"
[ ]
»

[ X X N X N X ¥ 3
CmE vygo=C. v O

Ve

e,

in
i>
tn
I
?
?
in
1S
i

LY

*Je
U
“de
=Je
*Je
Ve
“je11V¥ 0y
“lellleoun

“Je

oy

*Ye
Ve
“Ve
*Ve
o170 0vy
‘l."?i'Ol
>4
{'D
Ve

.=

-
-

«1.500¢402
~1.50uL 02
*1 50002
=l.500L 82
-$.
Ls IS
0.

Y=MOAENT  PRIN MOMENT

@ 3}

] 1

] ]

s

-0. «0.
“0e T.ovs =0,
8. * el
-0, -9,
-0, -0,
“Q . -0
b Y -9,
s I -0,

. 100Uk l8 -0,

D& +DY

- e
0oV N

12

16
£.400€+01
2e800€+01
2.5000-01
4.000E+06
1.0380€401
8.




raw

P 2 Y

7T 1¢ 13 =ve
I 11 > ~v,
1 le In -y,
T ls in =-ve

D e O

U
-V,
Ve ¢
-0,

TABLE we 1 CCTU ) CawulEy R TIUNM

FrO™ Tt va

1 1 1 6 4,

0 C-1¢ 1n o.~sdFey?
1 9 3l i menIteud
0 l 1¢ 19 3sennvevu?
1 1 1 1Y oenavieut

TABLE 5. AXIAL THAUST DATA.
FROM 11Qu

0 I 12 in -
1 L 1l

TABLE 6. SPECIAL LOAD PATTERNS.

PATTEXN ity OF

oY

v,

0e%309€ 0/
bt ev?
beddstevs
Bol3ve el /!

-0,
-Q.
-0
-G

1.400€ ¢ 04

RtV QE VS,

1o860E 2 Ve
1e040€ 04

PAVEMENT STIFFNESSES

S

0.
0.
0.
0.
Ge

0.
-OQ. . .« -
-V
~Ve

c

2.667E+08
0.
0.
0.
0.

PX PY

.

-0, =6.000€+04
-0, «6.000E¢04

PATTERN COURDINATES AND CONCENTRATED LOADS

NUM LOADS A v X y
REFERENMCE
5 S . v ('} k) 0

=0u0v  ~10000

2 2 ¢

] -3 0

- T -5000

TYABLE 7. PLACEMENTS OF SPECIAL LOAD PATTERNS.

PATTER N NLe UF
NUM  PLaCEacndS X Y

} e i1
4 i o <=3

NUN NF amp € L oagy s2uLfey 1) Ing
LIVERRN 3 Atk Lwery a9« icu 1M fw

NUM OF  isebt Losas PLALEY
SUN OF ancly Ludys 2Laleu

3

0
=10000

b S |
3 3y 3
=10000

X

4  § \j

LOCATIUN OF REFERENCE LUOAD (SLAY COORDINATES)

A ]

1 -e

X

SLAd
sl ao

uTSIte SLud
uufalie SLao

A Y X

2
«2.GNOE+ Vs

']
~T,VU00E+ QM .

Y X Y X v
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SuAP Lt Frd-LEwS Tu VL WOHSTVATE PROGRAM ust - 26 SEPT TU = JUPFLEI LR
CUvI<2CT JaLa 23-719-C-00176 UNITS ARE LBS AND INCHES
PROA .
JRG &=~25FT SU TAXIWAY SLABSe 2 B~T47 BOGIESs 2% PERCENT JOINTS

TABLE 1. CONTROL 0ATA,
¢

MULTIFLE LUAD OPTIUn (IF ULANK OR 2EWUe PRUB 1S INCEPENDENT -= -1
1F +le PARENT FUR NEAT PROB ~= IF =l AN OFFSPHING Pi0B)

, TABLE NUMBER

2 3 4 s ¢
NJUA CA3%S 1 Pul TilS rehLEn 0 & 0 0 2 ]
COMPUTE U2TIONGL PAYEHENT STIFFNESS CONSTANTIS (1=YES) DXsY C S
] 0 0
OPTIuN T SUPRESS uZTaILEN wuTRYT (1=YES) 1
OrlTivis Tu Felal ey STRESS INSTEAD UF “UM (1=YES) = |
TABLE 2. CONSTANTS —UNITS MUST 8E CONSISTENT.

, NU4 [NCREMENTS IM & DINECTION * F 3
NUs J*Cre sedTS el Y OURECTION 28
IMCR LEnGIA [ & UlxeCTION 3.,000E+01
ENCA LEAGTH [ Y UIECTION . 2.150£401
POIS30 15 «ATfo - 2.,000E~01)
NOUULUS OF elasTICiTY 5.000cC+06
SLak TwlC<uessS 1.200€01
SUBHRAIE HuLULUS . . 1.250E+02

TABLE 3. SPECIFIED AREAS FOR SELECTED PLOTTED QUTPUT.
PLUT  (1=YES) -
FHONM Thnry OEFL R-MUMENTY, Y~MOMENT  PRIN STRESS
3 6 17 ¢l 1 0 -0 1
0 21 ¢y &1 H 1 0 °
9 0 v zo 1 0 1 0
12 UV 1e éa 1 0 1 0

TABLE 4. LOAD DATA--REPLACES LOAD IN PREVIOUS PROBLEM.
ALL S1IFFaE5> ltnaS Akt RETAINED rHUM PARENT. PROBLER  JRS

FROM T~y Q

[ RS
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TABLE 8. AXIAL THAUST DATA.

FrQs Trag

NO i€

TABLE 6. SPECAL LOAD PATTERNS.

PATTE % S OF

PX

FATTERN COURDINATES AND CONCENTRATED LOADS
X y

Nuw L&D A 14 X Y X Y X Y X ¥
REFERENCE .
] 6 0 [V} 0 k) 1 0 el 0 1 3 2 3
=4l500 41509 41500 41500  -41500 41500
2 2 0 v <3 ¢ ‘
bd- 11D 1Y) ~5000
TABLE 7. PLACEMENTS OF SPECIAL LOAD PATTEANS.
PATTERY NL - DF LOCATION OF REFERENCE LOAD (SLaB COOHDINATES)
NUM - pLACL~E~TS A _ v S { X ! Y ) S S
| 2 7 12 12 18
NUM OF HEEL LDanS “OPLIED TO THE SLag 12
SUM OF wrcti LJR0Yy 4op [op TO The SLAY -4,930€+0%

NUM OF umcEL Loabs PLALD UTSI0E SLAG
4 SUM OF wmcty LJaus vLACEY VuTSiDE StAu

L A
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CUMT=ACT JaLy g£3-Tu~C~u0?76 UNITS ARE LBS AND INCHES

RO (7)) 1D) - :
IRG 4-25FT SO TAXIWAY SLABSs 2 B=747 BOGIESs 25 PERCENT JOINTS

TABLE 8. RESULTS~USING STIFFNESS DATA FROM PARENT PROBLEM JRS. ’
K eyabef ) A T#lSTIn0 aunENT ACH [N IHE & DIHECTION (ABOUY Y AXIS).
Y TalSTlvo “yaknt = =X (4FSTING MOAENTe COUNTERCLOCAWISE GETA ANGLES
Ade POLITIVE rRU4 X AXID 10 THE UIRECTION OF LAKGEST PRINCIPAL STRESS

X LARGEST BETA
A Y TWISTING  SUPPORT  PRINCIPAL X TO
) S | DeEFL” MONENT MOMENT HOMENT REACTION STRESS  LARGESY

.

®%e THZ DETAILEL UUTPUI HAS YEEN VELETED oY THE OPTION IN TadLE 1.
A SINGLE SET OF VALUES 1S PRINTED AT OR NEAR THE SLAB CENTER FOR REFERENCE

10 14 =5,733k-02 =2,400¢90]1 2.17HE+Q3 -2,165E+03 4,622E+0) 1,461E+02 ~53.5

, X LARGEST  BETA
A Y TWISTING  SUPPURT  PRINCIPAL X TO
X+ Y . DEFL MOHENT MOMENT MOMENT  REACTION  STHESS  LAKGEST
STATICS CnEC<., SUMMATION OF REACTIONS = 4.980E+05
L}
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